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FOREWORD

This plan is one of a family of program plans that establish,
as applicable, requirements and prospective implementation approaches for
the conduct of Phase C (Design) and Phase D (Development and Operations)
of the Space Shuttle Program. With the exception of the cost data, which
appear in the Cost and Schedule Estimates Plan only, each plan has been
prepared in accordance with the specific contract requirements described in
the Contract NAS9-10960 Statement of Work, Paragraph 4.7 and Appendix A,
Data Requirements. These plans are as follows:

Title Volume SD No. MSC No.

Program Management One volume SD 71-101 MSC-03308
Plan for Phase C/D
Engineering and Develop- |I. Shuttle System SD 71-102-1 | MSC-03309
ment Plan for Phase C/D II. Orbiter System |SD 71-102-2

III. Booster System {SD 71-102-3
Operations Plan for I. Shuttle System SD 71-103-1 | MSC-03310
Phase C/D II, Orbiter SD 71-103-2

III. Booster SD 71-103-3
Facility Utilization and I. Orbiter SD 71-104-1 | MSC-03311
Manufacturing Plan for II. Booster SD 71-104-2
Phase C/D
Preliminary Test Plan for |I. Shuttle System SD 71-105-1 | MSC-03312
Phase C/D II. Orbiter SD 71-105-2

ITI. Booster SD 71-105-3

1V, Shuttle Support |[SD 71-105-4

Equipment

V. Shuttle Software |SD 71-105-5
Logistics and Maintenance | One volume SD 71-106 MSC-03313
Plan for Phase C/D
Program Cost and One volume SD 71-107 MSC-03314
Schedule Estimates Plan
for Phase C/D

iii
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PREFACE

The objective of the Space Shuttle Program is to provide a low-cost
space transportation system for placing and retrieving payloads in earth
orbit. The first manned orbital flight is scheduled for April 1978. To
achieve this goal, a reusable space shuttle system capable of a rapid turn-
around, airline-type ground operation has been defined, satisfying as a
minimum three basic missions: (1) 100-nautical-mile due-east circular
orbit originating from a latitude of 28.5 degrees north, (2) a 55-degree
inclination, 270-nautical mile earth orbit, and (3) a 100-nautical mile south
polar circular orbit.

To accomplish these missions, a two-stage launch vehicle (shown
below) has been defined, which is capable of delivering into orbit one stage
with its payload. Each stage is capable of atmospheric entry and return to a
designated landing site. The vehicle features moderate acceleration levels,
a shirtsleeve cabin environment and quick turnaround capability. Opera-
tional facilities and system support equipment complement the flight vehicle.
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The booster and the orbiter are reusable delta-wing vehicles. The
booster is equipped with 12 main rocket engines, an external heat shield to
withstand the temperatures of boost and suborbital entry, and deployable
airbreathing engines for cruising back to the launch site. The orbiter is
equipped with two main rocket engines, orbital maneuvering rocket engines,
an external thermal protection system to withstand the temperatures of
boost and orbital entry, and deployable air-breathing engines installed for
specific missions. The operations facility will provide for preflight readi-
ness checkout, payload installation, and launch control, as well as primary
landing sites and facilities for vehicle turnaround and necessary servicing.
Shuttle support equipment includes all equipment required to check out,
service, handle, and launch the flight vehicles.

The significant elements of these missions, as shown in the following
figure, are ground operations, launch, and staging of the two vehicles.
After staging, the first stage (booster) returns to the launch area while the
second stage (orbiter) attains the prescribed insertion orbit after a series
of orbital maneuvers. The second stage (orbiter) then delivers or retrieves
its payload, enters the atmosphere, acquires the landing site, and completes
the approach and landing. Safing operations are completed on each vehicle
at the landing area preparatory to the turnaround cycle ground operations.
Subsequent to payload installation in the orbiter, the orbiter is mated with
the booster, and the mated system is made operationally ready and trans-
ported to the launch area for a new mission.

vi

SD 71-101




suotjeradp 9119nyg adedg Jjo sjuswraly

QAUICASISS

31VIN  INIJIAY3S

INIOVLS
3SINYI / NIVEATd
NOILYISNI 11840

SNOISSIW 11930 H1dVv3

vii

SD 71-101



CONTENTS

Section
1.0 INTRODUCTION
2.0 PROGRAM ORGANIZATION .

3.0 PERFORMANCE MANAGEMENT
3.1 PLANNING .
3.1.1 Work Breakdown Structure
3.1.2 Establishing Planning Baselines
3.1.3 Detail Work Planning . .
.2 WORK AUTHORIZATION SYSTEM .
.3 ACCOUNTING AND STATUSING
3.3.1 Accounting
3.3.2 Status Analysis .
3.3.3 Management Displays .
.4 CORRECTIVE ACTION
.5 CUSTOMER REPORTING .
.6 PHASE C/D IMPLEMENTATION PLANS

U)UJ

www

4.0 EXTERNAL INTERFACES AND RELATIONSHIPS‘
4.1 SUBCONTRACT MANAGEMENT

4.1.1 Pre-Subcontract Award

4.1,2 Procurement Schedules

4,.1.3 Subcontractor Control .
4.1.4 NASA/Subcontractor Interfaces

4,2 INTERDIVISION WORK MANAGEMENT .

4.3 NASA/CONTRACTOR INTERFACE
4.3.1 Contractual Interfaces
4.3.2 Program Technical and Management
Information Interfaces .
4.3.3 NASA Responsibilities
4.4 ASSOCIATE CONTRACTOR INTERFACE
4.5 COMMONALITY MANAGEMENT
4.5.1 General Requirements .
4.5.2 Development and Using Contractors

ix

SD 71-101

w
]

fo
(o 0)

KN N N N N N N NN
] | I IS RN R |
W W W ININVNN - -

N T TN RN
1 1
O O 00 00 B



Section Page

5.0 ASSURANCE DISCIPLINES . 5-1
5.1 CONFIGURATION MANAGEMENT 5-1
5.1.1 General 5-1
5,1.2 Organization . . 5-1
5.1.3 Configuration Ident1f1cat1on 5-2
5.1.4 Change Management 5-6
5.1.5 Configuration Accounting 5-7
5.1.6 Interface Management . . . 5-8
5.1.7 Subcontractor Configuration Management 5-8
5.1, 8 Configuration Management Reviews . 5-9
5.2 DATA MANAGEMENT . . 5-9
5.2.1 Deliverable Data . 5-9
5.2.2 Government-Furnished Data 5-10
5.3 MAINTAINABILITY MANAGEMENT 5-10
5.4 RELIABILITY MANAGEMENT 5-12
5.4.1 General e e e e e e 5-12
5.4.2 Design Specification . . . . . . 5-12
5.4.3 Reliability Evaluation . . . . . . 5-13
5.4.4 Failure Mode Effects Analysis . . . . 5-13
5.4.5 Maintainability . . . . . . . 5-13
5.4.6 Design Reviews . . . . . . 5-13
5.4.7 Problem Reporting and Correction . . . 5-14
5.4.8 Parts and Materials Program . . . . 5-14
5.4.9 Test . e 5-15
5.5 QUALITY ASSURANCE MANAGEMENT . . . 5-15
5.5.1 Quality Assurance Management
Organization . . . . . . . . . 5-15
5.5.2 Quality Assurance Procedures . . . . 5-16
5.5.3 Quality Information . . . . . . 5-16
5.5.4 Design Control . . . . . . . 5-16
5.5.5 Procurement Quality Controls . . . . 5-16
5.5.6 Fabrication Quality Control . . . . 5-16
5.5.7 Inspection and Test . . . . . . 5-17
5.5.8 Nondestructive Evaluation . . . . . 5-17
5.5.9 Nonconformance Control ., . . . . 5-17
5.5.10 Meteorology . . . . . . . 5-17
5.5.11 Stamp Control . . . . . . . 5-17
5.5.12 Handling and Storage . . . . . . 5-18
5.5.13 Statistical Techniques . . . . . °>-18
5.5.14 Government Property Control . . . 5-18
5.6 SYSTEM SAFETY MANAGEMENT . 5-18

SD 71-101




Section Page
6.0  INTEGRATION . 6-1
6.1 INTEGRATION AREAS/ACTIVITIES SUMMARY 6-1
6.1.1 Space Shuttle System . . . . . . 6-1
6.1.2 Orbiter/Booster Systems . . . 6-2
6.1.3 Orbiter or Booster System With Support
Equipment and Facilities . 6-2
6.1.4 Orbiter System SE With Booster System
SE and Combination With Facilities . . 6-2
6.1.5 Orbiter System With Other Space Program
Elements . . . . 6-3
6.1.6 Orbiter System W1th TDRS and Other
Orbital Communication/Navigation Aids
6.1.7 Orbiter System With Payload .
6.1.8 Space Shuttle Vehicle Ground and thht
Test Program . . .
6.2 INTEGRATION ACTIVITIES . . .
Space Shuttle System Requirements ,
System Studies/Analyses . . . .
Interface Requirements . . . .
Program Planning/Status . . . .
Evaluation of System Analysis and Tests .
Operational Planning . . . .
Review/Control of Plans . . . . .
Change Processing . . . .

o O
]
w W

VIV NVDNY DNV DDV
1 1

aAONONONON 0N ON ON

00~ O~ i W IV -~

oo~ O
11

oo 1TOoOO0OUMbh WWW

.
]

A d

APPENDIX A, DEFINITIONS. . . . . . . . A

]
—

APPENDIX B. PLANNING DOCUMENTS . . B-1
WORK BREAKDOWN STRUCTURE REQUI.REMENTS . B-1
PROGRAM DEVELOPMENT LOGIC

REQUIREMENTS . . . .
PROGRAM SCHEDULE REQUIREMENTS . . . =
APPENDIX C. COMMONALITY CANDIDATES . . . . C-1

APPENDIX D. RELIABILITY . . . . . . . . D-1
APPENDIX E. QUALITY ASSURANCE . . . . E-1

APPENDIX F, SYSTEM SAFETY | . . F-1

xi

SD 71-101



Section Page

APPENDIX G. DEVELOPMENT APPROACH . . . . G-1
PROGRAM PLANS . . . G-1

COST /SCHEDULE PLANNING AND CONTROL
SYSTEMS . . . G-2
PLANNING LEVELS . G-2
ADVANCE PROBLEM WARNING G-2
DATA MANAGEMENT . . G-3
CONFIGURATION MANAGEMENT ‘ G-4
QUALITY ASSURANCE MANAGEMENT . . G-4

ILLUSTRATIONS

Figure Page
3-1 Baseline/WBS Relationship 3-3
3-2 An Approach to Orgamzatmn/WBS Relat1onsh1p 3-6
B-1 Phase C/D WBS B-3
B-2 Space Shuttle System Development LOgIC . . B-5
B-3 Space Shuttle Phase C/D Master Program Schedule . . B-11

xii

SD 71-101




1.0 INTRODUCTION

The Program Management Plan defines the requirements for managing
the Phase C/D Space Shuttle Program. Management systems are intended
to provide to management personnel the information and visibility they need
to effectively meet program requirements, ‘

Experienced managers formulated the system requirements contained
herein. These managers have recommended a reasonable depth of routine
application of these requirements to avoid burdensome detail.

Accordingly, the result is a set of practical requirements tailored to
the Space Shuttle Program. These requirements permit potential contractors
to apply systems best suited to their own organizations, personnel, and
experience.

The essential activities for properly managing a program are to estab-
lish a performing organization, to provide work assignments to personnel
within the organization, and to measure and control the effectiveness by
which the work assignments are carried out. The plan has been structured
to logically sequence and identify the requirements for fulfilling the essen-
tial program management activities.

The program organization requirements are covered first, followed
by control of program cost, schedule, and technical performance. Next
are subjects dealing with management of interfaces between the contractor
and outside organizations., After that a series of special management
activities is covered. A section on integration management concludes the
plan. Discussed in Appendix G are results of analysis and studies to identify
improvements in management practices.
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2,0 PROGRAM ORGANIZATION

The program organization must provide the means for effectively
planning and controlling the total program to fulfill contract requirements.
Requirements to be met in establishing this organization are:

1. Provide a full-time program manager with full authority for
implementation of the program.

2. Establish a program organization with defined organizational
elements to cover all functions required for program
implementation.

3. Define authority, responsibility, and accountability of each

organizational element.

4, Establish formal communications means among organizational
elements.

5. Provide the capability to assess product-oriented cost, schedule,
and technical status across functional lines.

6. Provide the means for resolving problems across functional
organization lines.

7. Provide customer and associate contractor contacts within the
program organization with authority for reporting, negotiating,
and resolving specific issues related to program products.

Covered in the remainder of this plan are requirements for manage-

ment systems and processes for use by the program organization in fulfilling
its basic functions.
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3.0 PERFORMANCE MANAGEMENT

The performance management system provides the program manager
with formal procedures to plan the program, authorize the work, and deter-
mine program status. The result is to use the system to control costs,
to adhere to schedules, and to assure proper technical achievement. The
system is carried out within the framework of a negotiated contract that
establishes targets for costs, schedules, and technical goals. The overall
requirements for the performance management system are:

1. Establish and maintain time-phased records of negotiated
contract value.

2. Establish and maintain records of negotiated contract milestones.

3. Establish and maintain records of technical-performance
measurement parameters selected from the technical
specifications.

4. Periodically compare cost, schedule, and technical performance
to plans.

5. Isolate factors causing deviations from plans.

6. Project cost and schedule estimates for contract completion.

The succeeding subsections cover the particulars of the system
requirements. Definitions of terms used in this section are in Appendix A,

3.1 PLANNING

Planning of the total program provides contractor and NASA program
management with a top-level layout of the program from initiation of
Phase C through completion of Phase D. This planning is used as a basis
for weighing the effects of current operations and deciding on the conduct
and course of the program. Firm detailed planning, required for actual
implementation of work, is developed progressively by successively lower
levels of management. Planning involves the planning sub-elements dis-
cussed in the paragraphs that follow.
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3.1.1 Work Breakdown Structure

The work breakdown structure (WBS) is a product-oriented division
of the program into lower-level, manageable segments of work. Appendix B
contains the Phase C/D space shuttle WBS. The WBS is used as a common
framework for program planning and for managing program costs, schedules,
and technical performance.

The requirements for the WBS are:

1. The contractor shall establish and maintain a contract WBS
based on a top-level WBS supplied by NASA.

2. The WBS shall cover that work required by the contract.

3. The WBS shall be extended to at least the subsystem level
(level 5) and to lower levels where appropriate.

4, Changes to the WBS shall be formally controlled.

5. A dictionary-type definition describing the work of each WBS
element shall be maintained.

3.1.2 Establishing Planning Baselines

Performance management activities are conducted within the frame-
work of the WBS. It is therefore necessary to relate these activities to the
WBS. Respective levels of the WBS are selected as the level at which
specific performance management activities take place. These selected
levels are referred to as planning baselines. These baselines are depicted
in Figure 3-1 and summarized as follows:

Contract baseline - The WBS level at which the contractor establishes
and maintains records of the negotiated costs, milestones, and selected
performance measurement parameters.

Reporting baseline - The level at which performance is reported to
NASA.

Performance Baselines - The lowest WBS level at which organizational
responsibilities for performance are assigned.

3-2
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The following subsections describe the planning activities that are
required at each of the various baselines,

Contract Baseline Planning

1.

Reporting

1.

Contract baseline planning shall reflect formal contractual
requirements,

The planning shall reflect contractually authorized changes in
a timely manner. '

A schedule baseline shall be maintained and will typically con-
tain contract end item delivery schedules and other major mile-
stones that represent overall program constraint events or major
control events.

A cost baseline shall consist of a single dollar amount for each
contract line item representing the negotiated contract value.

The cost baseline for each line item shall be spread by govern-
ment fiscal year for the planned duration of the contract.

A technical performance measurement baseline shall be main-
tained and will consist of a record and identification of those
technical parameters used for formal technical performance
measurement.

Contract baseline planning shall be conducted selectively but shall
normally be done at Level 3 of the WBS (i. e., orbiter, booster, etc. ).

Baseline Planning

The reporting baseline shall be established at those levels of the
WBS at which the NASA Program Office will control the program.
The level will be established selectively within the contract but will
normally be at NASA Level 4 (subsystem group).

Detail planning shall be summarized to the reporting level to
provide a yardstick for measuring performance.

Planning shall be by both the functional organization (Engineering,
Manufacturing, etc.) and by WBS element to measure functional
progress as well as product progress.

3-4
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Performance Baseline Planning

1. Budgets shall be assigned at the performance baseline level for
each functional organization. The performance baseline is sub-
divided into functional activities through the use of cost accounts.

2. The program manager shall clearly delineate the subdelegation of
responsibility for budget and schedule allocation and control, status
reporting, and baseline definition within the program organization
down to the cost account level,

3. Planning to the cost account level shall exist for that period into
the future required for further detailed planning. Beyond this
period, planning may be grouped into packages of cost accounts
provided each such package applies to work within one functional
organization and one WBS element.

4. Individuals responsible for measuring performance at the cost
account level shall be identified. These individuals are referred
to as cost account managers,

5. The contractor shall maintain work packages comprising budgets,
schedules, and technical performance milestones. These work
packages represent the detail budget assignments that support the
cost accounts,

6. Planning at the performance baseline shall be completed for at
least the remainder of the current fiscal year when firm funding
targets have been supplied by NASA,

7. For the succeeding fiscal year, and during any period when funding
targets have not been established, performance-baseline -level
planning shall be performed for approximately six months ahead.

Relationship Between Functional Organizations and Products

Management of a program is carried out by the program manager
through a program organization. Program products are a result of the
activities of various functions within the program organization, It is therefore
necessary as a part of the program management process to measure perform-
‘ance of functions as well as performance related to products. The combined
use of WBS task element managers, cost accounts, and work packages pro-
vides the means by which functions can be managed and performance against
products can be measured.

Figure 3-2 depicts an approach to a relationship between products and
functional organizations. The relationship principal canapplyto var ying organi-
zational and WBS concepts. The following requirements shall be met:

1. The contractor shall ensure that appropriate responsibility and
reporting levels exist below the cost account level,

3-5
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2. The program manager shall establish appropriate subdelegation
of authority to measure the performance-related program prod-
ucts. Individuals so assigned will monitor the progress against
work packages for all functions. These individuals are referred
to as WBS element task managers.

3. WBS element task managers shall be authorized to make direct
contacts with the customer and associate contractors concerning
their assigned task elements.

3.1.3 Detail Work Planning

Detail work planning depends on the availability of systems that prop-
erly identify program logic, schedules, costs, and technical parameters.
In turn, work packages are formulated by using the information from these
systems. In this section, the basic systems requirements are covered
first, followed by the requirements for content, frequency, and traceability
of work packages.

Program Logic Planning

The program logic defines the essential and logical order of primary
phases, activities, and events required to accomplish the program. It is
used to ensure that event and activity schedules are consistent with the
necessary chronological ordering and interconstraining effects. Figure B-2
in Appendix B depicts a preliminary development logic for the Space Shuttle
Program.

The program planning logic shall:

1. Be developed at the total program summary level and at selected
supporting levels.

2. Define the interrelationships of major program products and
objectives.

3. Be compatible with the WBS.

4. Be developed to a level of detail necessary to identify high risk
areas in all phases of the contractor's program.

5. Define program constraints and control milestones appropriate to
all levels of schedules and plans.

3-7
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Be periodically updated to validate schedules, to define impact
of problems, and to develop: solution alternatives.

Be constructed in a manner that will facilitate their use in deter~
mining the impact of actual or proposed program changes.

Program Schedule Planning

Schedule planning time-orients the program work represented on the
WBS in consonance with the order and constraints shown by the program

logic.

Schedules are used to establish the right timing and ordering of tasks

to be performed and are used as a basis for measuring schedule performance.
Schedule planning shall conform to the following requirements:

l.

The contractor shall prepare a master program schedule (MPS)
for Phases C and D of the Space Shuttle Program using the sched-
ule depicted in Figure B-3 of Appendix B as a baseline.

The MPS shall be used as a basis to establish the negotiated con-
tract schedule baseline.

The MPS shall be made available for formal NASA review
concurrent with preliminary design review (PDR) or upon final
contract negotiation, whichever occurs first.

The MPS shall be consistent with, and related to, the WBS and
will identify contract milestones and significant program summary
milestones.

The contractor shall establish and maintain a schedule control
system that ensures compatibility between the MPS and lower-
level-detail schedules.

The schedule control system shall further ensure that authorized
program changes are promptly incorporated in the MPS and base-
line schedules.

WBS element schedules shall be correlated to reporting level
schedules

Major functional organization milestones within cost accounts and
their correlation to supported WBS element schedules shall be
identified.

3-8
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10.

Scheduled events or indicators of planned volume of work versus
time shall be identified in a2 manner to provide objectively measur-
able work progress for the reporting period.

Relationship between work volume measurement milestones or
indicators and cost account milestones shall be identified.

This identification shall be contained in the work package
documentation.

Cost Planning

Cost planning divides and time-phases the total contract value by ele-
ments of cost, by function, and by products. Actual expenditures are com-
pared against the planning ''cuts' for monitoring of cost performance and
accurate location of the cause of significant variances. In developing cost
planning data, the contractor shall:

1.

Prepare and maintain a total program financial plan in consonance
with the negotiated contract.

Time -phase the financial plan by quarter for the ensuing four
quarters and thereafter by government fiscal year.

Subdivide the financial plan by element of cost.

Assure that the financial plan contains direct budget allocations
by function, i.e., Engineering, Manufacturing, Logistics, Test,
Quality, etc.

Maintain the plan for the duration of the contract by incorporating
authorized contract changes.

For the performance baseline planning period, establish budgets
for all contractually authorized work to the cost account level
with separate identification of cost elements (labor, material,
etc.).

Identify level of effort in cost accounts which are planned and
controlled by time-phased budgets established for this purpose.
Only that effort which cannot be identified as discrete work
packages or as apportioned effort will be classed as level of
effort.

Identify undistributed budget consisting of internally unauthorized
(future) work package budgets and level-of-effort budgets within
cost accounts.

3-9
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9. Provide that the sum of all work-package-level budgets within
a cost account equals the cost -account budget.

10. Summarize direct budgets from cost accounts into the WBS without
allocation of a single cost account to two or more WBS elements.

11. Summarize direct budgets from the cost accounts into the con-
tractor's functional organizational structure without allocation of
a single cost account to two or more organizational elements.

12. Identify the methodology for establishing the budgets for appor-
tioned effort.

13. Identify the indirect budgets and method for allocation to the
contract.

Technical Performance Measurement Planning

Technical performance measurement (TPM) provides management a
tool for assessing technical performance and for early identification of tech-
nical problems and resulting cost and schedule impacts to the program.

The requirements for technical performance measurement planning are:

l. Technical performance planning at the reporting baseline level
shall be effected through the contractor's technical performance
measurement system.

2. The contractor shall plan and implement a technical performance
measurement system as an integral part of his technical management
process.

3. The contractor shall initiate his TPM system at contract go-ahead

and will be prepared to demonstrate its operation within a reasonable
time thereafter.

4. System performance parameters shall be selected from Section 3.0
of the applicable end item specification.

5. TPM plans shall be prepared for selected parameters. These
plans shall identify and define specific verification events that
will permit the assessment of progress against the selected
parameters,

6. Verification events shall reflect the verification methods listed

in the specification, Section 4.0, which correspond to the selected
performance parameters,
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Selected performance parameters shall be related to the program
WBS, and verification milestones shall be identified within
subordinate schedules.

Technical performance values shall be measured at the planned
level at the planned frequency, and results shall be submitted to
higher levels of contractor engineering and program management.

Work Package Planning

Work package planning provides detailéd working level instructions
that will divide all work to be performed in a manner, sequence, and chron-
ology to support the higher levels of contract planning. Work package
planning requirements are:

1.

All near -term contractural effort shall be planned,
budgeted, and controlled at the work-package level.

Planning that exists at the cost account level shall be planned in
more detail as the contract work is defined in greater depth.

Detail planning at the work package level shall be performed for
as long a period into the future as is practical,

The work package shall contain budgets and schedules that con-
stitute the plan against which the work package manager assesses
and controls the working level tasks.

When all work packages within a cost account have been planned,
the sum of their assigned budgets shall not exceed the total cost
account budget.

Work Package Criteria

A work package shall meet the following criteria:

1.

It represents a unit of work at the level where work is physically
performed.
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Its work content is clearly distinguished from all other work
packages within the parent cost account.

It is assignable to a single cost account and organization element.

It has clear start and completion dates representative of physical
accomplishment.

It has a budget expressed in terms of dollars, man-hours, or
other measurable units.

Size and duration of work packages shall be such as to limit the
total number of work packages to a manageable quantity.

It shall normally not be longer than one year nor less than three
months in duration.

It shall have internal indicators to measure objectively the volume
of work accomplished relative to the total work content of the work
package.

Work Package Traceability

Traceability from the work package to the contract baseline is required
to ensure that planning is in conformance with the tasks defined by the con-
tract statement of work and the WBS dictionary. The requirements for work
package traceability are:

1.

Provide that each successive level of planning is derived from,
and reconcilable to, its immediately preceding level.

Provide that all immediately succeeding levels of planning are
identified at each planning level.

Provide that effects on planning of contract changes are reflected
in the relevant elements at all planning levels and are incorporated
in a timely manner.

3.2 WORK AUTHORIZATION SYSTEM

The work authorization system provides the means by which manage-
ment can ensure that appropriate resources have been allocated for work to
be performed and that all work has been contractually authorized and
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properly planned before it actually begins. The contractor's work
authorization system shall conform to the following requirements:

1.  Provide that the work to be done and the organizational ele-

ments responsible have been defined and identified before work
is authorized to begin.

2. Assure that schedules, budgets, and technical performance
requirements established for the work to be authorized are in
consonance with the contract baseline.

3. Provide documented authorization for commencement of work,
including traceability to the contract baseline.

4. Assure that work packages that have been closed shall not be
> reopened. For any changes in opened or unopened work packages
there shall be a recorded explanation of budget and effort moved.

3.3 ACCOUNTING AND STATUSING
3.3.1 Accounting

The contractor's accounting system shall provide for accurately record-
ing all direct and indirect costs applicable to the contract. Such costs must
! be directly summarized from the level at which they are applied to the con-
tract level. The contractor's accounting system shall meet the following
requirements:

1. Record applied direct costs on a basis consistent with the budgets
in a formal system that is controlled by the general books of
account. Include within the book accounts the amounts charged
to work completed and in process during the reporting period:

a. When labor, material, and other direct resources are actually
consumed

b. When material resources are withdrawn from inventory for use

c. When material or subcontract software and other non-

recurring resources are received that are uniquely identified
to the contract

d. When major components or assemblies are received on a line
flow basis that are specifically and uniquely identified to a
single serially numbered end item
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2. If an inventory carrier cost account is used for major material
items as necessary to provide visibility into resources committed,
transfer these inventoryresourcesto costaccounts at point of usage.

3. Charge to that task or item of a program for which it was used
material or component items used for test, spares, etc., or dis -
positioned as scrap, unanticipated test quantities, etc., Do not
arbitrarily cost them to contract end items nor spread them over
an indirect base.

4, Account for at point of usage government-furnished materials, as
appropriate.

5. Accumulate costs in a manner that will identify recurring unit
and equivalent unit costs and/or lot costs.

6. Summarize applied direct costs from the cost account through the
W BS without allocation of a single cost account to two or more
WBS elements,

7. Summarize applied direct costs from the cost account through the
contractor's functional organization structure without allocation
of a single cost account to two or more organizational elements.

8. Assure that the cost accumulation procedure enables the collec -
tion of all direct cost by cost element from cost account level,
provides for direct summarization of cost through the organiza-
tional and WBS structure from the cost account level, and provides
for the summarization of indirect cost to the total contract level.

9. Prohibit retroactive changes to records pertaining to work per -
formed that will change previously reported amounts for applied
direct costs or indirect costs, except for corrections of errors
and routine accounting adjustments,

3.3.2 Status Analysis

Comparisons of planned value of work accomplished (PVWA) and
planned value of work scheduled (PVWS) relate work completed to work
scheduled during a given period. Comparisons of PVWA and actual costs
will show whether completed work has cost more or less than was planned
and originally budgeted. Analyses of these differences should reveal the
factors contributing to the variances such as initial estimate for the task,
technical factors requiring different application of resources, the cost of
labor or materials different than planned, personnel efficiency different
than planned, or a combination of such reasons.
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In order that the above data are properly derived, the contractor's
status analysis system shall:

1.

Identify at the cost account level on a monthly basis using data
from, or reconcilable with, the accounting system:

a. Planned value of work scheduled and planned value of work
accomplished

b. Planned value of work accomplished and applied direct cost
for the same work

c. Variances resulting from the aforementioned comparisons
classified in terms of labor, material, or other appropriate
elements together with the reasons for significant variances

Identify on a monthly basis total planned and actual indirect costs
allocated to the contract at the total program level.

Summarize performance data at the total program and reporting
level and determine variances from the per'forma.nce baseline.
Identify on a monthly basis significant differences between planned
and actual schedule accomplishment and planned and actual tech-
nical performance, together with the reasons for the variation.

Analyze technical performance measurements and projected sys -
tem performance values. Alternate possible corrective action
shall be identified where necessary, and the most suitable course
of action shall be selected, considering total program effects.

Identify managerial actions to be taken as a result of the afore -
mentioned requirements.

Based on performance to date and on estimates of future require-
ments, develop at quarterly intervals revised estimates of cost
at completion for WBS elements at the contract baseline and com-
pare these with the fiscal-year budgets, the negotiated contract
price, and the latest statement-of-funds requirements reported
to the government.
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3.3.3 Management Displays

The contractor shall establish and maintain a management data display
system for contractor and NASA use. The following are required:

l. A management information center (MIC) that will be a manage-
ment tool for contractor and NASA management use for status
reviews, briefings, and coordination meetings.

2. Display in the MIC of current information on progress and con-
trol of the program for each area of management interest for all
phases of the program.

3. Displays of basic control data in the form of planned performance
baselines, status against the baseline, and action taken to correct
deviations.

4. Identification of data displays to facilitate maintenance of equiv-

alent data displays used by NASA at the NASA management
information center,

5. Rapid and accurate changes to contractor data displays to reflect
the current situation,

6. A method for communicating data that will permit near simultane-
ous update of the data displays at the NASA control center to
coincide with changes made to the contractor displays.

3.4 CORRECTIVE ACTION

The contractor shall establish and maintain a closed-loop corrective
action system that ensures problem identification and appropriate manage-
ment action. The corrective action system shall provide:

l. A method for ensuring that discrepancies and problems are
identified and surfaced by the performance management system
and are reported promptly to program management for evaluation
and processing.

2. A clear identification and definition of potential and existing
critical program problems, the cause, and a measure of their
impact on program resources, schedule, and performance.

3. A description of courses of action, selection of a recommended
course of action, and a schedule for start and completion of desig-
nated actions.
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Assignments of responsibility for corrective-action items to
specific organizations and individuals.

Continuous monitering, evaluation, and display of progress being
made toward completing the action.

An evaluation and closeout of completed corrective action and
conduct of followup action.

A method for ensuring that corrective actions that affect cost,
schedule, or technical performance are reflected in related
schedules, budgets, and technical performance documentation.

3.5 CUSTOMER REPORTING

Customer reports provide management-level visibility and perform -
ance measurement assessment, Report requirements are:

The contractor shall provide NASA a single-source document
covering the elements of cost, schedule, and technical perform-
ance, including integrated analysis, on a periodic basis mutually
agreed upon at contract go-ahead.

The document shall provide management-level visibility through
the use of charts, graphs, and narrative analysis to communicate
status and program performance at a practical management level.

Specific problem areas and special situations shall be highlighted
on a by-exception basis by providing in-depth detail data normally
used by functional departments in performing their regular man-

agement functions.

Supplementary data such as computer runs, accounting data and
similar material shall be provided as stated requirements per
data requirements list (DRL) and data requirements description
(DRD) agreements.

The report shall nominally be at NASA Level 4 and shall include
summary program status; vehicle and subsystem status; facility
and support-equipment status; major milestone status; earned
value charts and analysis; by-exception analysis of significant
program problems with attendant resolution plans; resource
charts in sufficient detail to satisfy program level management
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requirements; monthly technical progress reports, including

TPM milestones; and miscellaneous specialized reports on a

periodic basis as appropriate in keeping with good management

practices. '
3.6 PHASE C/D IMPLEMENTATION PLANS

Plans are required to ensure that the approaches used for implemen-
tation of basic program functions and activities are complete and integrated.
They are also necessary to establish NASA's understanding and concurrence
with respect to what the contractor will do and how he will perform certain
significant program functions and activities. Requirements for the plans are:
1. The contractor shall prepare the following plans:

a. Management Plan

b. Engineering and Development Plan

c. Facilities Utilization Plan

d. Operations Plan

e. Manufacturing Plan

f. Test Plan

g. Logistics and Maintenance Plan

h., Configuration Management Plan

i,  Quality Assurance Plan

j-  Reliability Plan

k. System Safety Plan

1. Data Management Plan

2. Each plan shall define the organization, functions, logic, inter -
faces, process time lines, and other data required for planning
and control of the function or activity

3. The plans shall be top-level descriptions of how the particular
function/discipline will be planned, executed, and controlled.
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The contractor shall make reference in the plans to internal
documentation such as functional manuals and procedures that
will be used for implementation of the plan.

Preparation and delivery of plans shall be in accord with the
specifications contained in the Phase C/D contract DRL.
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4.0 EXTERNAL INTERFACES AND RELATIONSHIPS

The contractor shall assist NASA in planning and controlling interfaces
between prime contractors and associate contractors and agencies respons -
ible for commonality management. The prime contractor shall plan and
control interfaces between the prime contractor and subgontractor and
other company divisions, Requirements for external interfaces and rela-
tionships are identified in the subsections that follow,

4,1 SUBCONTRACT MANAGEMENT

The contractor shall establish effective subcontract management sys -
tems for procurement requirement definition, make or buy, source selec-
tion, and subcontract award and control., The systems must support prime
contract cost, technical, and schedule objectives. The subcontract manage-
ment function shall also provide auditable measurement and visibility of
subcontractor cost, schedule, and technical performance. The systems

shall be responsive to the requirements specified in the sections that
follow.

4,1.1 Pre-Subcontract Award

Documented business systems shall be established for the following:

1. Method for determination of buy and purchase items. This
includes pre-proposal requirement definition and the make-or -
buy decision process.

2. Method for providing long-lead-time analysis and identification
of long-lead-time items.

3. Method for acquiring subcontractor proposals responsive to prime
contract requirements,

4. Method for proposal evaluation, source survey, and selection of
subcontractors.

5. Method for award of subcontracts and purchase orders with flow

down of prime contract requirements and compatibility with pro-
gram objectives.
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4,1.2 Procurement Schedules

The following are required:

1.

The contractor shall provide material milestone schedules that
reflect significant events compatible with the program schedules.

Critical schedule support events shall be identified for major
subcontracted systems and components that are relatable to the
W BS definition.

Schedule control provisions shall be provided to accommodate
schedule change requirements,

Schedule management shall provide schedule performance track-
ing visibility to ensure program support is attained in direct
relation with the program master schedule requirement.

4.1.3 Subcontractor Control

Procedures shall be established for:

].o

Management of subcontractor effort to include authorization of
changes, measurement of performance, execution of preventive
and corrective action, and technical and management direction
from the prime contractor,

Responsive problem resolution.,

Submittal of subcontractor periodic progress reports on cost,
schedule, and technical performance,

Establishment of resident offices in major subcontractor facilities,
where appropriate. Responsibilities of top management for both
the prime contractor and the major subcontractor shall be
identified,

4.1.4 NASA/Subcontractor Interfaces

Procedures shall be established for coordinating and controlling all
interface activities, meetings, correspondence, and direction between the
NASA/contractor and subcontractor organizations. The procedures shall
provide for including responsible organizations —NASA, contractor, and
subcontractors—in the communication loop.
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4.2 INTERDIVISION WORK MANAGEMENT

The contractor shall establish an integrated system for the management
of all work authorized to be performed by other divisions of the company.
This system shall:

1. Provide a method for identifying and selecting work to be trans-
ferred based on special products, facilities, and capabilities of
other company divisions.

2. Establish the system, policies, and procedures for authorization
and management of work which will assure timely, accurate, and
auditable measurement of cost, schedule, and technical perform-
ance. This system shall satisfy the intent of the requirements
established in Section 3.0, Performance Management.

3. Establish and administer a system for coordinating and controlling
all interface activities, meetings, correspondence, and direction
between the customer and the performing division organization.

4.3 NASA/CONTRACTOR INTERFACE

For effective teamwork between NASA and a prime contractor, itis
necessary to establish requirements governing the activities and functions
that occur at the customer/contractor interface. The objective of these
requirements is to ensure mutual understanding of methods of communication
and interaction; to encourage rapid and authoritative transmission of data,
direction, and action responses; and to facilitate accomplishment of combined
NASA/contractor activities. A further objective is to establish a clear
understanding of those program responsibilities reserved by NASA,

4,3.1 Contractual Interfaces

Contractual interfaces include program interfaces involving contract
changes; verification of compliance with contract provisions, including
delivery; incremental funding requirements; and contractually required
administrative notifications and reports. These and all other matters of
contract administration shall be conducted between the NASA contracting
officer or his authorized representative and the contractor's contracting
representative.
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4.3.2 Program Technical and Management Information Interfaces

l. Program data required by the contract shall be prepared and
submitted in accordance with the contract provisions summarized
in Section 5.2, Data Management.

2. The contract shall define the technical and business data
required to support program reviews, problem resolution, and
management decisions.

3. Control and definition shall be exercised to limit the volume of
data exchanged and to ensure that the data are relevant and accu-
rate and at the level required to support management decisions.

4. All data exchanged shall be documented and recorded.

5. Management and technical meetings shall be held as required to
meet program objectives. These meetings and support required
from functional and specialty areas will be controlled through the
designated interfacing counterpart responsible for the area in
question.

6. All NASA/contractor data and meeting interfaces that may affect
any established baseline shall be elevated to the program-manager
interface level.

7. Action items resulting from meetings and formal reviews shall
be documented by the contractor.

8. After contract go-ahead, NASA/contractor directly interfacing
counterparts shall be identified, and their responsibilities,
authorities, and limitations shall be defined.

4.3.3 NASA Responsibilities

NASA will be responsible for the following:
Design and General Management
1. Provide the program baseline WBS and a concise definition of
end items, Include a clear delineation of the prime contractor

level of responsibility and the requirements for reporting cost,
schedule, and technical performance,
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10.

11.

12.

13.

Provide overall NASA Manned Spaceflight Program Phasing
Schedule defining key milestones of the major elements of the
Manned Spaceflight Program such as the space station, shuttle
payloads, and data relay satellite system.

Provide a master schedule for the Space Shuttle Program to
assist contractors in the development of detail planning for their
respective programs.

Provide a mission traffic model describing each mission and fre-
quency of missions.

Establish cost targets and government budget distribution for the
orbiter and booster programs.

Provide at the contractor's facility appropriate management and
technical staff to monitor contractor's activities and to participate
in major mandatory inspections and checkout operations.

Provide and approve total system requirements and vehicle per-
formance requirements such as system specifications, interface
control documents (ICD's) and end item specifications.

Provide specification and test data for main propulsion GFE to
vehicle contractors.

Provide GFP/GFE as defined and approved in the Development
Test Plan to support the certification program.

Provide wind tunnel facilities and test data for configuration and
supporting research and technology data needed to support the
Space Shuttle Program design effort.

Establish a materials priority list to control the acquisition and
allocation of critical materials for orbiter and booster contractors
to meet Space Shuttle Program schedule objectives.

Provide a list of available government facilities as a basis for
contractor-recommended facility selections.

Establish responsibilities, authorities, and interfaces for design,
development, and management between foreign government par-
ticipants, NASA, and the associate contractors, together with a
definition of procedural or regulatory limitations.
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Flight Test (Horizontal Flight Tests)

1.

Provide facilities at designated test sites for flight readiness,
flight vehicle servicing, between-flight vehicle maintenance, and

modification and repair, and include provisions for safing the
vehicles,

Provide operational support at the test site to include data
acquisition and reduction and support aircraft.

Provide propellants and gases for test vehicles.

Provide approval of contractor flight test schedule. (Contractors
will manage test program.)

Provide flight crew personal safety equipment.

Establish the agency responsible for integration of emergency,
rescue, and recovery operations with a definition of responsibilities
and interfaces.

Flight Test (Vertical Flight Tests)

1.

Provide launch facility and required facilities at designated test
sites for flight readiness, static test firing, flight vehicle servic-
ing, between-flight vehicle maintenance, modification, and repair
and include provisions for safing the vehicles,

Provide operational support at the test site, data acquisition and
reduction, and support aircraft.

Provide airborne flight crew.
Activate alternate landing sites and recovery fleet, as required.

Provide facilities for stopover landing sites and for ferry
operations.

Provide propellants and gases for flight tests.

Provide simulators and training programs for flight and flight
support personnel.

Provide flight crew personal safety equipment.

Provide payload canisters (modules) and payloads as GFE to
support test program schedules,
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10.

Establish the agency responsible for integration of emergency,

rescue, and recovery operations, with a definition of responsibil-
ities and interfaces.

Operational Phase

o

10.

11.

12.

13,

14.

15.

Provide management for the operational phase covering mission
planning, establishment of schedules, and conduct of the missions.

Provide operational facilities main base (landing site, mainte-
nance and refurbishment facility, and launch facilities), simulators,
and training facilities. :

Provide facilities and support for static test firing.

Provide flight crews for missions.

Provide payloads.

Conduct all mission planning and provide software to support
missions and make available necessary support from selected
contractors.

Conduct mission operations from pre-launch countdown to landing
for both orbiter and booster with support from selected

contractors.

Provide all mission support items, i.e., MSFN, communication
satellites, ground control, and data acquisition and transmission.

Establish range safety requirements for all operations.

Maintain training program for flight crew proficiency during
operational life of program.

Provide propellants and gases for mission vehicles.

Provide flight crew personal safety equipment.

Establish the agency responsible for integration of emergency,
rescue, and recovery operations, with a definition of respon-
sibilities and interfaces.

Activate alternate landing sites and recovery fleet, as required.
Provide support at landing sites for ferry operations.

4-7
SD 71-101



4.4 ASSOCIATE CONTRACTOR INTERFACE

Contractors having prime contracts with NASA for products that have
mutual physical, functional, or procedural interfaces hold an associate con-
tractor relationship to each other. Effective teamwork among such associate
contractors dictates that their mutual interfaces be formally defined and
controlled by conformance to the following requirements.

l.  Joint agreements among NASA, the contractor, and associate
contractors shall be negotiated for coordination and control of
all interfaces between the customer and contractors involved
in the Space Shuttle Program.

2. Agreements shall define hardware, software, and functional
interface responsibilities and will specifically establish integrat-
ing responsibility for maintaining ICD's as well as authority to
resolve differences between the associate contractors.

3. ICD's shall be prepared and maintained in accordance with con-
figuration management requirements.

4. The contractor will be notified and shall participate in NASA-
originated interfaces with associate contractors that affect the
contractor's program.

5. The contractor shall provide for planning and control of the
management and technical interfaces with designated associate
contractors.

6. Significant results of these interfaces shall be elevated to the

program manager interface level.
4.5 COMMONALITY MANAGEMENT

A broad application of commonality within the Space Shuttle Program
is planned to reduce cost in both the development and operations phases of
~the program. Commonality refers to items that can be developed, procured,
or performed in a common manner during Phase C/D activity. It refers not
only to hardware, materials, and software common to the orbiter, booster,
or associated ground systems, but also to facilities, procedures, and ser-

vices, such as training and logistics, which apply to common hardware.
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4.5.1 General Requirements

Implementation of commonality will require a management system
involving NASA and several contractors. Requirements for commonality
management are:

Identify those hardware items (components, assemblies, sub-
systems) that may be common in whole or in part for two or
more program elements. Appendix C provides a preliminary
listing of commonality candidates. '

Perform cost effectiveness evaluations and derive an official
common-item listing.

Assign development responsibility to appropriate NASA center/
contractor team and insert in appropriate specifications and
contracts.

Develop common specifications covering total requirements for
program use of item.

Establish necessary approval/concurrence procedures between
contractors and NASA and between development contractor and
using contractor(s).

Provide for use of the program change control system for control
of the common-item list, common item requirements, and com-
mon specifications,

Establish methods of procurement for use by both development and
using contractors.

4.5.2 Development and Using Contractors

The aforementioned requirements for commonality management require
participation of each shuttle element contractor and each responsible NASA
center under the overall direction of NASA. Additionally, specific require-
ments shall be levied on the development and using contractors relative to
each assigned common item.

Development Contractor

Develop vehicle-unique requirements and synthesize total
requirements.
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10.

11.

12.

Prepare procurement specifications, drawings, quality/
manufacturing, and certification requirements.

Select source(s).

Direct the design/development program.

Prepare and/or approve the certification plan.

Direct or perform the certification program.

Procure hardware for assigned space shuttle element.
Certify hardware acceptability.

Direct failure analysis/corrective action.

Change control approval/coordination.

Provide for maintenance, repair, and modification at joint
operating sites.

Manage/conduct the quality assurance program. {Maintain
historical documentation file.)

Using Contractor

L.

Develop and provide vehicle -unique requirements.

Review and approve procurement specification, drawings, quality/
manufacturing, and certification requirements.

Concur in source selection.

Monitor design/development program and approve the design.
Approve the certification plan.

Monitor the certification program.

Procure hardware for assigned space shuttle element.

Certify hardware acceptability.
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9. Request/monitor failure analysis/corrective action.

10. Request/approve change control activity.
11. Request maintenance and modification needs.
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5.0 ASSURANCE DISCIPLINES

Assurance disciplines are configuration management, data management,
maintainability management, reliability management, quality assurance
management, and system safety management, The responsibilities and
activities of these disciplines cross program organizational lines. Accordingly,
special management direction and control are required if overall program
objectives are to be attained. The requirements for assurance disciplines are
identified in the following subsections.

5.1 CONFIGURATION MANAGEMENT

Configuration management, like other assurance disciplines, can
materially affect the program cost. Therefore,it requires clear definition
in terms of specific requirements to provide a base to determine imple-
mentation methods and the degree of performance required. The following
requirements shall govern configuration management on the Space Shuttle
Program.,

5.1.1 General

1. Formal reports shall be limited to those essential for program
visibility and control.

2. Configuration change decision authority shall be vested in the
program contractor to the maximum extent during design and
development.

3. Contractor management systems and documentation shall be

capable of providing configuration control on a continuing basis,
from initial definition of a product to the final operational use
of the hardware and software.

5.1.2 Organization

A configuration management organization shall be established for the
Space Shuttle Program to provide the following capabilities:

1. Implement configuration management requirements.

2. Interface with the NASA Change Control Board (CCB) and
configuration management organization.
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6.

Establish progressive configuration baselines.

Maintain configuration baseline identification by effective use of
internal business systems.

Provide an efficient change control system for planning,
authorizing, and implementing configuration changes.

Conduct configuration audits of deliverable end items.

5.1.3 Configuration Identification

1.

Configuration identification for the Space Shuttle Program shall
be accomplished by establishing formal program baselines and
managing identified changes to these baselines.

Program baselines shall be established at scheduled formal
NASA reviews,

Reviews or audits shall verify the accomplishment of contract
technical requirements for the current phase of the program and
establish a baseline of contract technical requirements for the
contract end items that are planned for development in the next
phase of the program.

Preliminary Design Review (P DR)

1.

PDR's shall be conducted incrementally for each end item in the
program acquisition phase early in the detail design process to
evaluate the progress and technical adequacy of the selected
design approach,

PDR's shall determine compatibility with the program technical
and performance requirements,

PDR's shall establish the existence and compatibility of the
requirements for the physical and functional interfaces between the
end items and other items of equipment or facilities.

PDR's shall establish, by NASA approval, a design requirements
baseline for the space shuttle Phase C/D design development.

The acceptability of the defined engineering approach for each end
item shall be determined through the review of preliminary designs,
engineering analyses, test data, mockups, breadboards, and inter-
face identification between each end item,
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6. A review shall be made of the qualification test plans to verify
that the performance requirements of the development specifications
will be demonstrated during the test activities,

7. PDR's shall be conducted in separate subsystem review increments
which are a joint review of support equipment with vehicle
requirements,

8. A summary PDR shall be conducted as a total systems review,
Critical Design Review (CDR)

1. CDR's shall be conducted by the contractor for each end item not
later than the 100-percent design release date,

2. CDR's shall determine that the detail design of the end item under
review satisfies the design requirements established in the end
item specification,

3. CDR's shall verify that the physical and functional interface
requirements previously agreed to with associate contractors and
NASA are accurately depicted on the detail design documents.

4. CDR's shall verify that the released design is identical or
equivalent to that used or to be used in the qualification test
program,

5. CDR's shall be conducted in separate subsystem review increments
for program elements and by system/site for the support equipment,
A summary CDR shall be conducted as a total systems review.

Site Readiness Review (SRR)

The SRR is the technical evaluation of the operational readiness of
facilities, equipment, and instrumentation at the site in support of the space
shuttle system flight test and operations. The review will be conducted by

NASA prior to the first use scheduled for flight or launch of a space shuttle
vehicle, The contractor shall support the SRR by providing:

1. Documentation to verify satisfactory completion of tests required
by program technical requirements.

2, Configuration identification and installation verification records,
including modifications made subsequent to product configuration
audit (PCA),
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3. Representatives to support the NASA review team.

4. SRR's may be conducted in separate system review increments
for a given site or station. Any SRR conducted in increments
shall be summarized at a total systems review for the given
station or site,

Flight Readiness Review (FRR)

The FRR is the technical evaluation of flight testing as verification of
design to certify operational flight readiness of the shuttle vehicle. The
following requirements pertain to the FRR:

1, The FRR shall be conducted by NASA prior to the first horizontal
test flight and the first mated vertical flight for the first vehicle
only,

2. The contractor shall prepare a report of the significant events
that occurred during previous testing, a general assessment of
hardware readiness, a status of mission support systems, and
a summary of unresolved significant program problems,.

3. The contractor shall provide the supporting documentation of the
activities that cover field modifications and engineering releases
during the period of operations.

4. The contractor shall provide technical representatives to support
NASA review teams and boards.

5. The FRR may be conducted in separate system review increments
for the shuttle vehicle,

6. Any FRR conducted in increments shall be summarized at a total
systems vehicle review,

Product Configuration Audit (PCA)

The PCA shall be performed to establish a product configuration base-
line, The following requirements apply:

1. The PCA shall be conducted on a deliverable configuration end

item, preferably the first article scheduled for operational inven-
tory or suitable for system integration, whichever is first.
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Technical

The

The PCA shall delineate and establish a product configuration
baseline by the approval of the baseline data, certifying the as-built
configuration, certifying design is complete, and identifying sub-
ordinate hardware and software criticalities.

Requirements
following requirements pertain to end item technical requirements:

The program specification tree shall identify the required end item
specifications and their relationships to each other and to the
system specification,

Functional requirements shall be allocated from the systems
specifications for end items and interfaces.

The approved system specification and the development specifications
shall establish the design requirements baseline,

Program configuration control of changes to approved baselined
end item specifications shall be formally maintained.

End item specifications that have had changes incorporated prior to
contract go-ahead for the next program phase shall be identified by
an "'alpha'' revision suffix.

End item specification changes occurring subsequent to preparation
of the "'alpha'' revision shall be incorporated into the baseline
document by specification change notices (SCN's).

The contractor shall prepare SCN's for each Class I change
affecting an approved end item specification and submit the SCN
as part of the engineering change proposal (ECP),

After the ECP has been approved, revised end item specifications
replacement pages shall be distributed by the contractor to all
specification holders.
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5. 1.4 Change Management

The following requirements pertain to change management:

1.

The Space Shuttle Program change management system shall
provide the means to control changes to the established configura-
tion baselines through formal change-control procedures and
appropriate management level change authorities.

Changes to a baseline shall be identified, processed, and approved
through a uniform system that will provide a complete definition
of the change in terms of:

a. Reason for the change

b, Effect on specifications

c. Effect on drawings

d. Effect on interfaces

e. New and old part numbers

f. Configuration item serial number effectivity

g. Change implementation schedule

h. Cost of change

i, Revisions to assigned WBS element or work package (task,
schedule, cost)

All proposed changes to baseline documentation shall be
classified as either a Class I or a Class II change.

Any change to a baselined document that affects stated require-
ments (i.e., performance, design, reliability, maintainability,
interface, test, interchangeability, or configuration), program
schedules, and WBS's or contract cost or commonality shall be
defined as a Class I change.

Class I changes must be approved by the NASA CCB or delegated
to the local NASA representative.

Any change that is below the level of requirements definition in
currently baselined documents shall be defined as a Class II change.
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Changes to baselined documents to correct errors (i.e., typo-
graphical, missing dimensions, etc.) shall also be defined as
Class II.

Class II change documentation shall be approved by the contractor,

and copies of Class II changes shall be provided to the local NASA
representative on request.

Each change proposed against a baseline shall be assigned a
unique change identification number.

The assigned number shall be used to '""package' the complete
change.

All change documents used to propose, approve/disapprove, and
to implement an approved change shall use the same change num-
ber for identification.

A current record shall be maintained by a single function that
identifies the authorized configuration documents (including
changes/revisions) released for production and/or test.

5.1.5 Configuration Accounting

The following requirements pertain to configuration accounting:

1.

A configuration accounting system shall be established and main-
tained to provide a means of identifying all documents that define
a configuration baseline. The system will record manufacturing
and inspection data to identify the product hardware configuration
and installation verification.

All changes to the design configuration baselines shall be recorded,
and the system shall provide status reports of change verification
for the program hardware life cycle.

The contractor's reporting system shall be based on the concept
that the principal provisions and report usage will be identification
of a requirement.

Reports shall satisfy common requirements for internal and NASA
configuration, identification, or status information.

Comparative (as-designed and as-built) configuration data shall be
furnished for acceptance data requirements for delivery of
end items.
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5.1.6 Interface Management

An interface group will be established to resolve interface problems,
document interface agreements, and coordinate change proposals for submittal
to the customer.

This group shall consist of at least one representative from each of the
participating NASA centers and contractors with the chairman designated by
NASA. Only those program participants involved in the particular change will
be required in attendance at the meetings.

Interface Control Documents

Establishment of system interface control requires identification and
definition of interfaces, scheduling, preparation, approval, release, and
control of formal interface control documents (ICD's).

1. The ICD's for the space shuttle system shall be used to record
the design agreements between associate contractors, as authorized
by NASA, and shall, with production drawings, facility construc-
tion drawings, and specifications, provide a means to control design
parameters at interfaces between system segments.

2, Interface control drawings shall initially be based upon the
requirements of the specifications which contain the interface
requirements,

ICD Change Control

1. Engineering change proposals originated by an associate contractor
and that affect an interface shall be reviewed by the interface group
for certification of technical agreement prior to submittal.

2, When the interface group cannot agree on resolution of an interface
problem, specific direction from NASA shall be requested.

3. Changes initiated by NASA shall be reviewed by the interface group
for interface impact and resolution of any identifiable interface

problems,

5.1.7 Subcontractor Configuration Management

l. Requirements established for the Space Shuttle Program shall be
applied to subcontractors and suppliers to the extent necessary for
configuration control of the product being procured, including
requirements for maintainability, safety, and logistics support.
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2. Subcontractors shall be required to maintain a systematic approach
to configuration identification, drawing preparation and release,
change management, and configuration status accounting. Design
reviews shall be scheduled and conducted to support program
milestones. Configuration reviews shall be conducted on all
development items procured,

5.1.8 Configuration Management Reviews

1. Reviews of configuration-management-related systems shall be

conducted for validation of effectiveness in meeting configuration
management requirements.

2. Reviews shall be performed internally to verify the adequacy of
system interfaces between functional elements.

3. Major subcontractors shall also be reviewed to establish conform-
ance to requirements,

5.2 DATA MANAGEMENT

Specific attention to the management of data is required to ensure their
timely delivery, currency, proper initial distribution, and retrievability.

To achieve innovative approaches and cost reductions in the production
and management of data, the contractor shall selectively identify program
data requirements he believes will suffice for NASA to perform its manage-
ment surveillance of the program. These data will normally be the same
data required by the contractor for internal control.

The system by which the contractor plans, manages, and produces
contractually deliverable data shall be similar to that by which hardware is
planned, managed, and produced. The contractor shall identify and define
those requirements for management of data that will provide positive control
of contractually specified data and noncontractual supporting data.

5.2.1 Deliverable Data

The contractor's system for management of deliverable data shall
meet the following requirements:

1, All contract data shall be prepared as directed by the contract
data requirements description, The contractor's existing format
and document numbering systems shall be used to the fullest
extent. Responsibility for preparation of each data item shall be
identified to a specific accountable manager.
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Preparation and delivery schedules for contract data shall be
identified in program schedules. Schedule milestones and events
planned for data items to provide program management progress
visibility and to identify those items requiring corrective action
shall be identified.

The system shall control internal and external distribution of each
data item and include records of such distribution. Records shall
also be maintained of specific documents approved by NASA.

The contractor's change control system shall provide for timely
incorporation of engineering and contract changes into the

affected data items. It shall also provide for definition of changes
to data items as an integral part of the change description
contained in documents authorizing changes.

The system shall provide for data retention and storage, in
accordance with contractual requirements, of all pertinent prime
and subcontract documentation.

5.2.2 Government-Furnished Data

The contractor's system for management of government-furnished
documentation supplied for the contractor's internal use shall conform to
the following requirements:

2.

5.

Each contractor request for such data shall be recorded.

A record of receipt shall be maintained.

Internal distribution shall be made to contractor personnel in need
of the data. Records of such distribution shall be maintained for

the purpose of updating in the event of superseding changes.

An appropriate place for storage shall be provided, and a system
of indexing and retrieval shall be maintained.

Disposition shall be made in accordance with contract requirements.

5.3 MAINTAINABILITY MANAGEMENT

The contractor shall establish and maintain an effective maintainability
program for implementation and control of all program maintainability
requirements in a cost effective manner. This maintainability program will
apply to the design, development, and operation phases of the Space Shuttle
Program. The maintainability system shall meet the following requirements:
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The contractor shall assign a single-point function within his
organization the responsibility for the planning, implementation,
and control of the maintainability program.

The contractor shall designate one individual responsible for
directing and managing the maintainability functions reporting at
the level required to appropriately discharge all contract
responsibilities.

The contractor shall ensure that maintainability procedures and
control documentation are adequate to achieve program maintain-
ability objectives.

The contractor shall ensure that all designs selected for shuttle
usage have been influenced by maintainability criteria (evaluation
at the drawing-board level) and, as applicable, by quantitative
evaluation techniques. These processes shall identify potential
problems and assure compliance with governing criteria.

The contractor shall provide a formal program of maintainability
management review of all proposed designs.

The contractor shall develop a listing of measurable design
requirements for shuttle vehicle subsystems.

The design requirements shall include removal-and-replacement
elapsed time and/or servicing-and-maintenance-access elapsed
times for selected critical line replaceable units to the subsystem
level.

The basis for apportionment shall be that reasonable apportionment

allocated for maintenance of a two-week turnaround operation.
Refinement of allocation through tradeoff and evaluation shall be
accomplished.

The contractor shall conduct tradeoff evaluation studies for main-
tainability concepts, methods, subsystem apportionments, and

problem areas to assure that the best overall approach is accepted

and that other functional factors such as reliability, safety,
manufacturing, and quality are considered.

The contractor shall ensure that appropriate maintainability
requirements are incorporated into design and procurement
specifications for subcontractor- and vendor-supplied items and
that procedures for surveillance and control are established,
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11.

12.

The contractor shall establish a system to verify that
maintainability and requirements have been incorporated into
design.

Maintainability verification shall be accomplished in consonance

with other functional requirements during the development,
production, and test phases,

5.4 RELIABILITY MANAGEMENT

The contractor shall establish a reliability management system to
ensure control and accomplishment of all reliability program tasks in a cost
effective manner through design, development, and operations of the Space
Shuttle Program. This system shall be designed to meet the following
general requirements and the detailed requirements specified in Appendix D.

5.4.1 General

A reliability program plan that defines the program requirements
and identifies the implementation methods,

A single -point function within the program organization with the
responsibility for the planning, implementation, and control of
the reliability function.

A head of reliability who shall devote full time to the reliability
effort and report at a level as required to appropriately discharge
all contract responsibilities.

Monitoring of all reliability program tasks by reliability manage-
ment to assure that they are effectively accomplished and that
program reliability requirements are met where reliability tasks
are delegated to other organizational groups.

Supplier reliability controls to assure procured hardware
compatible with program reliability requirements.

Appropriate provisions for NASA visibility of program status,
effectiveness, resource expenditure, and identified problem areas.

5.4.2 Design Specification

1.

Assurance that appropriate design specifications/product control
documentation is generated and maintained and that these docu-
ments are adequate in support of program reliability objectives.
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2. Assurance that revisions are made when specifications become
obsolete or out of date.

3. Independent reliability review of selected program specifications.

5.4.3 Reliability Evaluation

1. Provision of procedures to ensure that all designs selected for
shuttle usage have appropriate reliability evaluation through
qualitative and, as applicable, quantitative analysis techniques.

2. Use of evaluation techniques to identify potential problem areas
to assure compliance of each configuration with program criteria.

5.4.4 Failure Mode Effects Analysis

1. Performance of detailed failure mode effects analyses (FMEA's)
on candidate configurations early in the design phase.

2. Identification of deficiencies or needs, such as single failure
points (SFP's), potentially hazardous conditions, critical items

for emphasis, need for redundancy, etc.

3. Maintenance of a continuing effort to eliminate or minimize the
effect of single failure points throughout the program.

5.4.5 Maintainability

1. Assurance that designs developed by the contractor provide main-
tainability features based on reliability experience and analytical
studies.

2. Identification of those components, considered in the design,
which will require frequent removal because of known limited life
or age-sensitive characteristics, as well as hardware with unique
maintenance and adjustment problems.

3. Assurance that maintenance planning reflects program reliability
experience with an optimum mix of both preventive and curative

measures,

5.4.6 Design Review

1. Provision of a formal program of engineering management evalua-
tion of all proposed designs.
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Performance of design reviews at the system, subsystem,
assembly, and component levels consisting of comprehensive
critical audits of all pertinent aspects of the designed hardware
and software which affect reliability requirements.

Identification and documentation of potential design problems to
assure action assignments in order to achieve reliable designs.

5.4.7 Problem Reporting and Correction

1.

Evaluation of technical problems associated with hardware and
software (such as failures, discrepancies, nonconformances, etc.)
for a continual upgrading of the system configuration.

Provision of a controlled problem reporting system for reliability,
quality, and safety disciplines which will be implemented com-
mencing at the hardware development phase of the program.

Assurance that the problem reporting and correction system is a
closed-loop system that identifies, verifies, tracks, and documents
correction of quality, reliability, and safety hardware problems

as well as associated software nonconformances.

Provision of an ALERT action system which will be responsive
and effective in Space Shuttle Program ALERT activities.

Assurance that problem definition/status/closeout data are
compatible with the NASA problem data bank requirements.

Assurance that deficiencies that could affect personnel safety,
mission success, or cost-effective vehicle operation have maximum
program emphasis for resolution.

5.4.8 Parts and Materials Program

1.

Provision of a parts and materials program consisting of selection,
specification, application, and qualification controls.

Assurance that the parts selection program minimizes the number
of part types used.

Generation and imposition of a program preferred and standard

list as well as other parts and materials program requirements on
all using agencies.
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4. Maintenance of a where-used accountability system that identifies
the location of shuttle vehicle parts and materials.

5. Identification and imposition of data requirements and screening
activities for off-the-shelf hardware to eliminate potential
reliability problems.

6. Assurance during the design review process that the effects of
toxicity, out-gassing, flammability, stress corrosion, and age/
life limitations on material applications have been evaluated.

7. Assurance that materials can be controlled by appropriate specifi-
cations and all nonmetallic materials have an application review,

5.4.9 Test

l.  Establishment of controls for a planned program of testing and
application analysis which will ensure that equipment used on the
Space Shuttle Program is capable of performing within all antici-
pated environments and use conditions.

2. Definition of techniques to identify risks and potential problems to
assure certification rigor compatible with the program reliability
objectives.,

3. Assurance of certification program augmentation with an accept-
ance test program to minimize known fabrication problems.

5.5 QUALITY ASSURANCE MANAGEMENT

Establishment of an effective and timely quality assurance program in
consonance with NHB 5300, 4 (1B) requires implementation of both general
and specific quality assurance tasks and management controls.

General requirements for the space shuttle quality assurance program

are listed below. Specific requirements are identified in Appendix E of
this plan,

5.5.1 Quality Assurance Management Organization

The contractor shall assign a single-point function within his organiza-
tion the responsibility for planning, controlling, and implementing quality
assurance requirements of the program. One individual shall be designated
responsible for directing and managing the quality assurance program, and
he shall report directly to the program manager.
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5.5.2 Quality Assurance Procedures

Effective and timely quality assurance procedures and control documen-
tation tailored to the applicable program phase shall be developed and imple-
mented. Unscheduled audits shall be performed on personnel, procedures,
operations and associated documentation which affect the quality program.

5.5.3 Quality Information

The contractor shall provide for the collection, processing, analysis,
and recording of quality information resulting from the design, procurement,
fabrication, test, inspection, and usage of articles and materials procured
and produced. Appropriate quality information shall be promptly dissemi-
nated to concerned areas within the contractor's organization and to con-
cerned suppliers to effectively implement quality program requirements and
contract requirements,

5.5.4 Design Control

1. The contractor shall establish quality criteria and implement a
system to ensure its incorporation in the contractor's technical
documents such as specifications, procedures, drawings, fabri-
cation and planning documents, and process sheets.

2. Quality Assurance shall participate in design reviews to ensure
that designs permit and facilitate producibility, repeatability, and
inspectability and that related quality considerations are defined
and incorporated in applicable technical documentation,

3. The contractor's quality assurance organization shall be
responsible for control of all quality-generated documents and
changes thereto and shall verify that changes are accomplished as
authorized on affected articles or materials.

5.5.5 Procurement Quality Controls

The contractor shall assure that procured materials and services meet
specification requirements and quality criteria. This assurance shall be
obtained by review of applicable documents, effective selection of sources,
technical assistance and training, assignment of surveillance personnel, and
receiving inspection,

5.5.6 Fabrication Quality Control

The contractor shall provide quality surveillance of fabrication and
assembly operations to ensure that characteristic and design criteria speci-
fied in technical documents are included and maintained in all contractor-
fabricated articles.
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5.5.7 Inspection and Test

The contractor shall conduct an inspection and test program that
demonstrates that contract, drawing, and specification requirements are met
to provide maximum assurance that the quality inherent in the design is
maintained.

5.5.8 Nondestructive Evaluation

1. The contractor shall use nondestructive evaluation techniques to
determine the integrity of structures during manufacturing and to
support in-flight and turnaround operations.

2. Specific methods shall be established to substantially reduce
inspection time during manufacturing and turnaround.

3. Where necessary, on-board nondestructive evaluation methods
shall be established to provide a timely data readout of structural

integrity to support maintenance operations for turnaround.

5.5.9 Nonconformance Control

The contractor shall establish a nonconformance and corrective action
system that provides for the identification, recording, review, and disposi-
tion of materials and articles that do not conform to applicable drawings and
specifications. The system shall include a material review board and shall
ensure that appropriate corrective and preventive actions are initiated and
resolved upon identification of adverse quality trends.

5.5.10 Metrology

1. The contractor shall implement a metrology system to control
measurement processes to ensure the accuracy of hardware con-
formance to design requirements.

2, Measurement standards, gauges, and measuring, inspection, and
test equipment, including production tooling and automated equip-
ment, shall be selected and controlled to the degree necessary to
meet the requirements specified in Appendix E.

5.5.11 Stamp Control

The contractor shall implement a stamp control system to ensure (1)
that stamps are applied to articles and materials (and related records) to
indicate fabrication and inspection status, (2) traceability to responsible
individuals, (3) that stamping methods and marking materials are compatible
with the articles and their use.
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5.5.12 Handling and Storage

Articles and materials shall be suitably protected, marked, labeled,
and packaged to protect them during all phases of fabrication, processing,
and storage from deterioration and damage.

5.5.13 Statistical Techniques

The contractor may use statistical techniques such as sampling plans,
statistical planning, and analysis to provide effective and efficient control
over fabrication and inspection operations.

5.5.14 Government Property Control

The contractor shall be responsible for and account for all government
property provided under the contract.

5.6 SYSTEM SAFETY MANAGEMENT

The contractors shall establish a system safety program to be effective
during the design, development, and operations of the Space Shuttle Program
to ensure that all potential hazards are identified as early as possible and
that corrective action is taken.

The contractor's program shall meet the following general require-
ments and the detailed requirements specified in Appendix F:

1. The contractor shall establish a distinctly identifiable system
safety organization reporting to one person who has direct access
to the program manager. The system shall have clearly defined
responsibilities, functions, authority and relationships between
line, staff and top management.

2. System safety criteria shall be included in engineering, test,
maintenance, and operations documents.

3. Identified hazard classifications and hazard reduction precedence
sequences shall be as agreed upon between NASA and the contractor.
These guidelines, criteria and requirements shall apply to all
contractor and subcontractor activities.

4, System safety analyses, including system logic diagrams, systems
hazard analyses, operations hazard analyses, design change
assessment, and FMEA's shall be used, where appropriate, to
identify potential hazards.
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11,

12.

A hazards list shall be maintained throughout the program to list
identified potential hazards and their classification and status
relative to corrective actions,

Hazard data collection and flow processes shall be identified in
established system safety procedures.

The contractor's safety personnel shall participate in design
reviews, customer acceptance reviews, flight readiness reviews,
and in accident/incident investigations and reviews.

The contractor shall periodically conduct in-house, off-site, and
subcontractor system safety audits, inspections, and reviews of
locations. Results of these activities will be available for NASA
review.

Contractor safety personnel shall review all test, checkout, and
operational procedures and classify and monitor those that are
safety critical. Space shuttle vehicle maintenance and turnaround
activities shall receive special safety emphasis, and system
safety shall participate in each launch readiness decision.

The contractor shall impose equivalent system safety requirements
on major subcontractors as appropriate to his activities and
product.

The contractor shall conduct a vigorous safety training and safety
awareness program and keep NASA informed of its progress.

System safety deficiencies and actual or potential problems shall

be reported to program management for evaluation and processing
through the corrective action management system.
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6.0 INTEGRATION

Presented here is an overall summary of the areas that require
integration together with a brief statement of the integration activities
associated with each area. Further discussion of each area and the integra-
tion activities associated with the areais presented in the appropriate volume
of the Engineering and Development Plan.

6.1 INTEGRATION AREAS/ACTIVITIES SUMMARY
The following subsections summarize the integration activities for all
areas of the shuttle system. In this section there is no attempt to define

the agency (NASA or contractor) that will accomplish specific activities, only
to establish that the requirement exists.

6.1.1 Space Shuttle System

I.  Control the system specification; allocate requirements to
appropriate end item specification,

2. Perform vehicle synthesis/sizing analysis to assess impact
of proposed changes and allocate requirements to the appropriate

system element.

3. Control the system level ICD's; chair interface group to assess
changes/problems.

4. Prepare and control launch constraints document.
5. Conduct overall planning for initial flight operations.
6. Assess the space shuttle system to assure flight readiness,

7.  Accomplish mission planning; establish vehicle utilization,
configuration, requirements, and payloads.

8. Establish requirements to achieve uniformity/integration for
safety, reliability, maintainability, and quality assurance.
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10.

Perform periodic reviews to assess program progress,
specifically in relation to cost, schedule, and technical
performance.

Participate in all shuttle system program reviews; e.g., PDR,
CDR, FRR, etc.

6.1.2 Orbiter/Booster Systems

1-

Assure integration of all internal vehicle subsystems and their
compatibility with the vehicle specification.

Verify compatibility between system specification and vehicle
specifications,

Prepare and control main engine/orbiter and main engine/
booster ICD's.

6.1.3 Orbiter or Booster System With Support Equipment and Facilities

1.

Define and control orbiter/booster support equipment (SE)
requirements.

Define facility requirements for compatibility to identified SE.

Prepare and control ICD's for vehicle/facility and SE facility
interfaces.

Identify SE requirements peculiar to orbiter/booster for
inclusion at all potential operational sites.

6.1.4 Orbiter System SE With Booster System SE and Combination

With Facilities

1.

Integration of orbiter/booster SE requirements for operational
site.

Plan SE/facility complex — design and performance consistent
with time limitations.

Prepare and negotiate and control SE/facility complex
requirements,
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6.1.5 Orbiter System With Other Space Program Elements

Prepare and negotiate and control interface documentation.

6. 1.6 Orbiter System With TDRS and Other Orbital Communication/
Navigation Aids

1, Define orbiter requirements.
2. Prepare and control required interface documentation.

6.1.7 Orbiter System With Payload

1. Establish and control orbiter requirements to accommodate
payload spectrum.

2. Establish and control payload requirements that evolve during
orbiter development.

3. Prepare and negotiate control-required interface documentation.

6.1.8 Space Shuttle Vehicle Ground and Flight Test Programs

1. Define and establish test objectives for the system and its
elements; test objectives will be established on a mission basis.

2. Define specific element requirements for each mission in
support of test plan and test objectives.

6.2 INTEGRATION ACTIVITIES

The following paragraphs summarize the management-oriented
integration activities associated with development of the space shuttle system.
The integration activities occur at all levels. No attempt has been made in
this plan to segregate or relate the activities to an area (item); i. e., booster/
orbiter/etc. However, a correlation can be made by referring to the integra-
tion areas/activities summary presented in Paragraph 6. 1.

6.2.1 Space Shuttle System Requirements

1. Establish and control system requirements for all functions and
allocate these requirements in the system specification to the
appropriate contractor specifications.
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Prepare and control the system specification, which shall be
structured so that traceability exists for all requirements to
sub-tier (i. e., orbiter and booster elements, ground systems,
etc.) specifications.

Review sub-tier specifications to assure that the requirements
allocated to system elements are addressed in sufficient depth
to ensure achievement of objectives.

Assess the allocation of requirements from the space shuttle sys-
tem specification to, and between, the element specifications on a
continuing basis so that the proper balance and structure within the
elements of the system may be maintained.

Develop requirements and guidelines to assure an integrated
approach for achieving quality, reliability, safety, and main-
tainability in the space shuttle system, compatible with overall
requirements,

Evaluate the impact of mission/user requirements as new
missions evolve.

Establish a change control and monitoring system to permit evalua-
tion of the cross effects of changes made to the space shuttle
system specification and/or immediate sub-tier specifications.
Coordinate changes with participating agencies and development
contractors as appropriate. This system will interface with,

and work within, the program change control system established

by the NASA Change Control Board.

6.2.2 System Studies/Analyses

System-level studies and analyses will be required to resolve major

issues that evolve during Phase C/D efforts. Trade studies shall encompass
analyses between (1) other operational systems and space shuttle, (2) system
elements of space shuttle, (3) system functions and sequences, (4) system
requirements and allocations, and (5) alternatives to system design
approaches as required to develop parametric design tradeoffs. Particular
attention shall be focused on those decisions that involve high dollar cost,
technical risks, and time-constraining (e. g., long lead) factors.
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System level studies in the aforementioned areas shall be conducted
to provide data/solutions in the following areas:

1. Effect of alternative system requirements on the total program
in terms of cost, schedule, and mission capability.

2. Establishment of potential solutions or approaches to solutions
of major problems.

3. Determination of impact of major problems.
4. Reporting of deficiencies for corrective action.

6.2.3 Interface Requirements

1. Define and control interfaces between the space shuttle system
and other operational elements of the program (e.g., space
station, satellites, MSFN, etc.) and between the major system
elements of the space shuttle system (e. g., orbiter-booster,
orbiter-ground, booster-ground, etc.).

2. Prepare interface documentation and delineate interdependent/
interacting characteristics existing between two or more items
for (a) compatibility, (b) change control, (c¢) communicating
design decisions, (d) establishing space and volume control, and
(e) isolating responsibilities.

3. Coordinate/negotiate interface documentation between element
contractors and/or between contractors and the NASA to provide
multilateral agreement.

4. Include interface documentation by reference in the appropriate
specifications schedule completion to meet the earliest need by
either element contractor involved in the interface.

5. Establish interface group, chaired by NASA, and including repre-
sentatives from each involved NASA center and contractor. The
group will assure early and rapid identification and resolution of
problems involving compatibility between the elements of the space
shuttle system,
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6.2.4 Program Planning/Status

Systems used for program planning and statusing shall meet the
requirements defined in Section 3.0, Performance Management, and
fulfill the specific requirements listed below.

1. Assess and monitor program plans and schedules for all con-
tracted elements of the Space Shuttle Program and publish direc-
tives establishing requirements and constraints.

2. Evaluate progress of Space Shuttle Program to assure compliance
with objectives in terms of cost, schedule, andtechnical performance.

3. Provide results (including highlighted problems) of these
evaluations to shuttle program management for determining
overall shuttle program performance,

4, Make recommendations for replanning, consistent with identified
problems requiring corrective action, and the method or methods

for implementing studies and changes to correct deficiencies.

6.2.5 Evaluation of System Analysis and Tests

1. Evaluate system analyses and test results to assure compliance
to the design and performance requirements of the space shuttle
system. The evaluations, both formal and informal, shall be
oriented toward assuring system integrity prior to commit-
ting major design/production resources, and toward identifying
system problems for timely implementation of corrective actions.

2. Conduct informal performance evaluations encompassing
(1) determination of the documentation to be evaluated; (2) obtaining
and identifying paragraphs of the specifications against which
evaluation will be performed; (3) ensuring that end item system
design meets design requirements; (4) evaluating integrated
system test and inspection results against requirements; (5) identi-
fying design performance evaluation problem areas; and
(6) initiating coordination to correct unacceptable performance
conditions if specified requirements are not met.

3. Provide formal evaluation of technical adequacy of the space shuttle
contractor efforts in meeting system performance and design
requirements through preliminary design reviews (PDR's) and
critical design reviews (CDR's). The baseline for PDR/CDR
evaluations of design for each system function shall be the space
shuttle system specification and end item specifications.
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6.2.6 Operational Planning

Operational and mission planning includes integration of all
activities pertinent to fulfillment of the following requirements:

l'

Accomplish overall planning for initial mated flight operations from
receipt of the individual flight vehicles at the test site through
mating, launch mission performance, and recovery. This planning
sequence is continued until space shuttle vehicle operational

status is achieved, The activity includes development of specific
sequencing, time lines, and detailed scheduling through the SE/
facility complex along with assignment of task responsibilities

with appropriate definition of interfacing requirements.

Perform missions planning to establish vehicle utilization, special
configuration requirements for accommodation of specific pay-
loads (lead time away), scheduling of SE/facility complex
utilization, and assignment of payloads to specific vehicles to
minimize modifications between flights. The activity blends

all missions within specific time spans and allocates system/
vehicle elements for their accomplishment.

Prepare plans for cycling of each element (orbiter, booster,
payload) through ground operations on a mis sion-by-mission
basis to assure readiness for planned individual mission schedule.

Establish and operate training programs for common items,
including provision of training aids.

Operate and maintain vehicle/SE/facility complex in performance
of launch and flight operations.

Integrate orbiter and booster SE requirements for the operational
site. '

Plan SE/facility complex and its utilization to minimize duplication
of SE end items and assure capability to perform operational
cycle within prescribed time limits,

Prepare, negotiate, and control SE/facility complex requirements
document, which defines quantities, types, and acquisition
schedules for SE and facilities and defines design/development/
acquisition responsibilities for all SE end items.
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6.2.7 Review/Control of Plans

1. Review and approve program plans, e.g., program management,
engineering, quality, operations, system safety, logistics,
manufacturing, test, electromagnetic compatibility, maintain-
ability, reliability, and payload development plans.

2. Integrate these program plans with each other and with system
requirements as well as with related schedules and overall
program requirements.

3. Integrate payload development documents and related schedules
with the master program phasing schedule for the space shuttle

system.

4. Maintain plans up-to-date consistent with current program
requirements.

6.2.8 Change Processing

Develop a program change control system in consonance with the
requirements for change management defined in Section 5. 1. Configuration
Management, of this plan.
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APPENDIX A

DEFINITIONS

The criteria contained in this volume for the contractor's cost/schedule
performance measurement system are to be interpreted according to the
following definitions and regulations:

APPLIED DIRECT COST (ACCRUED COST)

The amounts recognized in the period associated with the consumption
of labor, material, and other direct resources, without regard to the date
of commitment or the date of payment, These amounts are to be charged
to work in process in the period that any of the following takes place:

1.  When labor, material, and other direct resources are actually
consumed

2. When material resources are withdrawn from inventory use

3. When material or subcontract software and other nonrecurring
resources are received that are uniquely identified to the contract
and scheduled for use within sixty days

4. When major components or assemblies are received on a line-flow
basis that are specifically and uniquely identified to a single
serially numbered end item.

APPORTIONED EFFORT

Effort that by itself is not readily divisible into work packages but that
is directly related to existing work packages.

AUTHORIZED WORK

The effort (1) that has been negotiated and definitized by supplemental
agreement and (2) for which firm contract prices have not been agreed to,
but for which written contract instructions have been received to proceed
with work,

A-1
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BUDGET

The resources (measured in dollars, man-hours, or other definitive
units) that are formally assigned by the contractor for the accomplishment
of a specific task or group of tasks.

CONTRACT BASELINE

The time-phased values of the total program at NASA Level 3 as
identified in the WBS shown in Appendix B, Figure B-1. The baseline total
must equal the contract cost as defined below. It represents the sum of
direct effort and allocable indirect work budgets and management reserves
for the original contract and budgets for government authorized changes.

If work is authorized before it is definitized, interim budgets will be used
for authorized work until it is definitized.

CONTRACT COST

The total contract value, excluding fee or profit, consisting of the
sum of definitized costs and costs for all government-authorized work
not yet definitized.

COST ACCOUNT

The focal point within the contract WBS at which applied direct costs
are accumulated and summarized by WBS and functional organization and
the lowest required level at which planned value of work accomplished is
compared with planned value of work scheduled and applied direct costs.

It is also the WBS level where costs are accumulated for performance
measurement purposes. The cost account will normally be further sub-
divided into work packages and will contain separate identification of cost
elements (labor, material, etc.). The cost account will have the following
characteristics:

1. A clear definition of work to be performed

2. A specific budget and schedule

3. A designated manager with complete responsibility for completing
the assigned work within all performance measurement
constraints

4, Be restricted to a single functional organization

5. Apply to a single WBS element
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DEFINITIZED CONTRACT COSTS

Negotiated costs that are formalized in a contractual document such
as a Supplemental Agreement,

DIRECT COSTS

Any cost that can be identified specifically with a particular cost
objective. Direct costs are not limited to items incorporated in the end
product as material or labor. Costs identified specifically with the contract
are costs of the contract and are to be charged directly thereto.

ESTIMATED COST AT COMPLETION (EAC)

Applied direct costs and indirect costs allocable to the contract,
plus the estimate of costs for authorized work remaining.

INDIRECT COSTS

A general group of indirect expenses such as those generated in
manufacturing departments, engineering departments, tooling department,
general and administrative departments, and indirect costs accumulated by
cost centers within these general groups. Included are general groups of
expenses such as general administration and general expense, maintenance
and operation of physical plant, library expenses, and use charges for
building equipment. Indirect costs derived from overhead cost pools that
are added to applied contract costs are to be allocated and controlled by
government-approved accounting procedures,

LEVEL OF EFFORT

That activity that cannot be associated with a quantitatively measurable
end product or result and is controlled by time-phased budgets established
for that purpose.

MANAGEMENT RESERVE

The total contract cost less the summed value of all the budgeted
effort. This cannot be a negative value.

ORGANIZATIONAL ELEMENT

A unit of the contractor's organization.

SD 71-101




PERFORMANCE BASELINE

The distribution of time-phased costs from operating organizations
to the cost account level. This level will serve as the formal baseline for
schedule and cost performance measurements. The sum of work budgets
allocated to cost accounts plus management reserves must equal the time-
phased budgets and reserves in the contract baseline.

PLANNED VALUE OF WORK ACCOMPLISHED (PVWA)

The sum of the budgets for completed work packages and completed
portions of open work packages, plus budgets for level of effort and
apportioned effort activity completed.

PLANNED VALUE OF WORK SCHEDULED (PVWS)

The sum of the budgets representing the cumulative financial plan
from inception to the current report period, including the amount of level
of effort and apportioned effort.

REPORTING BASELINE

The level of reporting to NASA that should typically be at NASA Level 3
of the WBS for total program data and at NASA Level 4 for each primary
organizational function, exclpt when lower levels of the WBS are of significant
importance to warrant their inclusion.

SIGNIFICANT VARIANCES

Variances or differences from plan that are great enough to require
further review, analysis, or action.

UNDISTRIBUTED BUDGET

A budget that has been identified and set aside for a specific future
task or set of tasks in support of the contract, but that has not been
distributed to a specific operating organization.

VARIANCE MEASUREMENTS

Budget Variance

Difference between the planned value of work scheduled (PVWS) and
actual recorded costs. A negative variance indicates actual costs are in
excess of planned budget (PVWS); conversely, a positive variance indicates
actual costs are less than planned budget (PVWS).

A-4
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Cost Variance

Difference between the planned value of work accomplished (PVWA)
and actual costs. A positive variance indicates an underrun of planned
cost, i.e., work is being accomplished at a lower cost than planned. A
negative variance indicates an overrun of planned cost, i.e., work is being
accomplished at a higher cost than planned.

Schedule Variance

Difference between PVWA and PVWS in the order stated. A positive
variance (PVWA is greater than PVWS) indicates the category reported is
ahead of schedule and in a favorable position. A negative variance (PVWA is
lesser than PVWS) indicates the category reported is behind schedule and in
an unfavorable position. By plotting cumulative PVWA and PVWS dollar
value curves on a time scale and identifying the PVWA dollar value for the
current report period on the PVWS curve, it is possible to measure the
difference between PVWA and PVWS (schedule variance) in terms of calendar
time,

WORK BREAKDOWN STRUCTURE (WBS)

A product-oriented family tree division of hardware, software, and
services, and other work tasks that organizes, defines, and graphically
displays the products to be produced as well as the work to be accomplished
in order to achieve the specified product. The following criteria must be
satisfied:

1. The WBS must be used to allocate all resources to fulfill contract
program requirements and must accommodate the accounting
structure for budget and cost purposes and the program organiza-
tional structure for responsibility definition.

2. The contractor will structure the WBS from the NASA-provided
level (normally the system level) downward to at least the cost
account.

3. All subcontracting and major procurement effort will be included
at the proper level of the WBS.

4. The WBS must be integrated with the contractor's functional
organization in a manner that permits performance measurement
for WBS and organizational elements assigned to the contract
effort beginning with the cost account level.
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WORK PACKAGES
Detailed short-span jobs (or purchased material items) identified by

the contractor and controlled by him in assigning work within his organization
and accomplishing work to complete the contract.
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APPENDIX B
PLANNING DOCUMENTS

WORK BREAKDOWN STRUCTURE REQUIREMENTS

The Space Shuttle Program work breakdown structure (WBS) defines
the product elements of the program that form a framework for planning,
control, and measurement of schedules, costs, and technical performance.

The WBS elements delineate the total Space Shuttle Program products by
levels in terms of hardware, software, and significant services that are

necessary to achievement of the program objectives.

The major Level 3 segments of the shuttle program are:

Element Level
0.0 Space Shuttle Program 2
1.0 Orbiter 3
2.0 Main Engine 3
3.0 Booster 3
4.0 Flight Test . 3
5.0 Operations 3
6. 0 Space Shuttle Management - 3

and Integration

The contractor shall extend the WBS depicted in Figure B-1 as
necessary below Level 4 to facilitate its use as the basis of planning, control,
and reporting of program activities. (Element levels below Level 4 depicted
on Figure B-1 are provided as suggested contractor extensions and should
not be considered mandatory.) The WBS elements shall be used for the
derivation and definition of cost accounts and work packages which are basic
to the performance management requirements identified in Section 3. 0.
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PROGRAM DEVELOPMENT LOGIC REQUIREMENTS

The development logic is for program planning. It identifies the
significant program events and establishes their interrelationships. The
space shuttle system development logic displays the following key program
phases.

1. Design and systems development
2. Flight test development
3. Operations

Summarized are events such as customer commitment of resources
to the space shuttle system, its configuration, and system requirements
definition; selection and initiation of prime contractor Phase C/D activity;
space shuttle system integration during the design phase of system elements
such as main engines, the orbiter and booster systems, facilities, and
support systems; development of vehicle subsystems, ground test, and flight
certification vehicles; flight development phase typified by the horizontal and
manned orbital flight test programs; and, ultimately, the operational employ-
ment phase of the space shuttle system. Further expansion of the develop-
ment logic is contained in the Engineering and Development Plan.

Sheet 1 of Figure B-2 provides an overview of the total program.
Sheet 2 is an expansion of the overview. Sheet 3 provides a more detailed
expansion of activities and events from contract go-ahead through PDR, of the
orbiter and booster.

The contractor shall further expand the logic to ensure the correct
ordering and sequencing of all tasks and the consequent chronological task
loading required to support schedules. Further specific requirements in
support of total program planning and detail are given in Section 3.0.

PROGRAM SCHEDULE REQUIREMENTS

The Space Shuttle Program master phasing schedule (Figure B-3) shows
the integrated activities and major milestones of the program through the
phases of definition, design, development, delivery, first horizontal flight
in June 1976, first manned-orbital flight in April 1978, achievement of
operational capability in mid-I979, and ten-year operational life. Program
elements include orbiter, booster, main engine, ground tests, and flight
tests and operations. Interactions of major Space Shuttle Program elements
are identified. Figure B-3 presents the Phase C/D schedule that is
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compatible with Phase C/D program plans and the Phase C/D WBS., Detailed
schedule information is contained in the cost and schedule report, SD 71-107,

The approach to preparation of the master schedule inciludes:
: 1. Establishment of ground rules and assumptions

2. Consideration of schedule data from other programs such as
g Apollo, Skylab, Saturn II, X-15, B-70 and Space Station

3. Application of schedule data from the contractor's hardware
programs

4. Extraction of applicable data from technical analyses conducted
during the Space Shuttle Program Phase B Definition Study

5. Use of a WBS that identifies the hardware, software, services,
and tasks that must be taken into account

6. Determination of the number and purpose of mockups, test
elements, test articles, and flight test and operational hardware

7. Determination of sequence and logic of the PDR's and CDR's

8. Preparation of a list of major program milestones arranged
chronologically

9. Use of a program management logic that establishes sequence,
constraints, and interdependency of activities

10. Analyses of the previous information and translation of the
systems and subsystems requirements into development
requirements

These factors were used in an iterative process to assure that the
time phasing of the design, development, manufacturing, and testing are
achievable and compatible with meeting key program milestones (i. e., first
horizontal flight, first manned orbital flight, and operational capability),

Fach contractor shall prepare a master program schedule for his
element for Phases C and D of the program, utilizing the schedule depicted
in Figure B-3 as a baseline. Detailed schedule requirements are identified
in Section 3.0,
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APPENDIX D
SHUTTLE RELIABILITY PROGRAM REQUIREMENTS

PHASE C/D °

The following material is an accumulation of the Reliability Requirements to
be implemented on the Space shuttle Program. NASA document NHB-5300.4 1A

was used as a baseline in the definition of these required activities. Imple-
mentation modes to ensure the acceptable achievement of each requirement are
provided in sShuttle Reliability Procedures. For effective management control,
these reliability requirements have grouped into nine basic tasks. These are:

1. Reliability Program Management

2. Design Specifications

3. Reliability Evaluation

4. Failure Mode Effect Analysis and Single Failure Point Summary
5. Maintainability

6. Design Review

7. problem Reporting and Corrective Action

8. EEE Parts Program, and Materials Program

9, Testing

Note: Entries in the requirement matrix which were not specified in

NHB5300.4-1A, are defined in the attached dictionary of requirement
descriptions.
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Task 1 - Reliability Program Managemrent

The Reliability Program Management effort shall consist of a planneA
organized approach to the astablishment of reliability requirements,
imnlementation activities, and program controls which will ensure the
accomplishment of reliability program tasks and cost-effective application
of the reliability disciplines. The requirements for the reliability
managemen*t task are indicated below:

Not2s: A, Right hand columns designated as follows:

. Bascline: NHBS5300.4 1A

. Air vehicle Hardware Reguirements
. Mission Essential GSE

. Non-Mission Essential GSF

E WiV -

1A201-1

DEVELOP AND IMPLEMENT RELIABILITY PLAN 1
DESCRIBE ORGANTZATIONAL RESPONSIBILITIES AND FUNCTIONS X
8Y TASK, TDENTIFY DUTTES OF PARTICTIPATING ORGANIZATION ELEMENTS X
NEFINFE INTERFACFES, AND RESPONSIBILITIES WITH OTHER OPGANIZATIONAL
FLEMFNTS, RY TASK X X X ¥
TOTNTIFY ORGANIZATIONAL RELATIONSHIP BETWEEN RELIABILITY MANAGE -
MENT AND OTHER PROGRAM ELEMENTS PERFORMING RELIARINITY TASKS X X X X
EACH RELIABILITY REQUIPEMENT SHALT, BE DESCRIREN NARRATIVELY AND
HAVFE AN ATTENDANT PLAN OF FXECUTION X X X
MAINTAIN A MATRIX SHOWING TMPLEMENTATION RESPONSIRILITY, APPROVAL
AND REVIEW, AND DOCUMENTATION OFF EACH REQUIRFMENT X X X X
NDEFINE AUTHNRITY OF RELIARILITY MANAGEMENT TO CONTROT./MONITOR
FACH TASK X X X X
IDENTIFY THOSE CRITICAL HARDWARE/SOFTWARE FROM SURZONTRACTORS
THAT PEQUIRE RFTIABIT.ITY PROGPAMS X X X X
IDENTIFY PLANNED PROGRAM FLEMENTS TO UTILIZE FXISTING PROCEDURFS
WITH SCHEDULE FOR AND A DFSCRIPTION OF PROPOSED CHANGES X X X
LTST™ DFVICES, COMPONENTS, AND SOFTWARE ITEM TO RF PRPOVYDED BRY
STIPPLIERS NOT UTILIZING A FORPMAL RETIABILITY PROGRAM PTAN X X X
EVALUATSE PAST TECHNICAL PERFORMANCE OF EACH POTENTIAL SOURCE
O% SUPPLY X X X

12201-3

PREOVIDE RELIABILITY PLANNING FOR SITES 1234
GFNERAT® SELF-CONTAINED SITE PLAN FOR LAUNCH AND TRST SITE
RFLIABILITY PROGRAMS X
USE LANICH STTF RELTABRILITY PLAN, ONLY X
CONDITINNS PECHULIAR TO A TEST/MANUFACTURING SITF SHATNLI BF INCLU-
DFND a5 SFPARATE PARTIAL PLANS TN THE RFLIARILITY PROGRAM PLAN X X X ¥

h

XN

<
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12202-1
ITMPLEMRNT RELIAPTLITY PROGRAM CONTROL
IDENTIFY ORGANIZATIONAT FXECUTORS OF EACH RELTABILITY TASK
NEFINE TIME-PHASING AND MILESTONES FOR EACH TASK
PROVIDE AND MAINTAIN ACCOUNTING FOR COMPLETED AND PROJECTED
EXPFNDITURES FOR EACH TASK
12202-2
CONDUCT RFELTIABTLITY PROGRAM REVIEWS
CONDICT PRRIODIC REVIFEWS OF RFIIABITITY PROGRAM AND REPORT
INDENTIFTIFD PRORLEM APTAS TO THE NASA
CONDUCT PERIODTIC REVIFSWS OF SUPPLIFR RELIABILITY PROGRAMS
DEFINF FORMAT FOR REPORTINAR REVIEW RESTLTS WITH SCHEDULE FOR
THF REVIFWS/AUDITS
MAKE DRAYTSION FOR NASA PARTICIPATION IN SELECTED REVIEWS
1A203-1
PFRIONTCALLY ADVISF NASA OF RELIARILITY PFROGRAM STATUS
PROVIDE PERINDIC PROGF¥SS REPORTS ON RELTARTLITY PROGRAM
REPORT STATUS OF TASK ACCOMPLISHMSENTS AND MILESTONES
RECOMMFND CORRECTIVE ACTIONS FOR TDFNTIFIRD PRORLFM AREAS
INENTIFY REVISIONS TN SCHEDULE
IDENTTFY PPOGRAM DECISIONS/ACTTIONS AFFECTING RELIABILITY
ASSESS THRIR IMPACT
F ADVISE DF ANTICIPATED PROGRAM SLIPPAGES AND THEIR EFFECT
PERTPARE FORMAL REPORTS ON SUPPLIFRS RELTABIT,TTY PROGRAM STATUS
122013-2
HOLD JOINT COMTRACTOR/NASA MEETINGS
CONENCT PFEPTOCIC QUARTERLY CONTRACTOR/NASA PROGRAM MANAGEMENT
PRVIEWS
A REPORT STATUS OF TASK ACCOMPLISHMFENTS AND MILESTONES
F RECOMMEND CORRECTIVE ACTIONS FOR IDENTIFIED PROBLFM AREAS
C IDENTIFY REVTSTIONS TN SCHEDVLE
N IDENTIFY PRPOGRAM DRCISIONS/ACTIONS AFFECTING RFELIABILITY
ASSESS THRIR IMPACT
F ADVISE OF ANTICTPATFD RELIARILITY PROGRAM SLIPPAGE/EFFUCT
ANIGMENT STATUSING BRY INFORMAT, NDAY-TO-DAY REPOPTING
1A203-3
PROYINE PELIARBIT.ITY PROGRAM CONTROI. REPORTS
GEMFRPATE ERSQURCRS PLANNED VS, RESOURCES EXPENDED DATA
PROVINE RESOURCE PROJFCTIONS FNOR SUCCFEFRDING MTLESTONE INTERVALS
INENTTIFY PFSOURCES EXPFNDED RY CTHER OPGANIZATIONS IN SUPPORT
OF RELTARILITY TASKS
1A204
PROVIDE RELTABILITY TRAINING FOR PERSONNRL USED IN PROGRAM EFFORT
PROVIDE TRAINING TN TASK-ASSOCTATED NEW TECHNOLCGIFS
PROVIDFE MOTTVATIONAL TNDOCTRINATION PROGRAMS
TDENTTFY TRAINING REQUIREMENTS IN THR RFLIABILITY PROGRAM PLAN
13205-1
CONTROI, RELTABILITY OF SYSTFM FLEMENTS OBTAINED FORM SURCONTRACTORS
ASSIURF ADEQUACY OF PELIARILITY CONTROLS FOR ALL TIFRS

0 0P
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1A205=-2

PROVINE CONTROL OF SUPPLIERS RELIABILITY PROGRAMS PFR APPENDIX F
INDENTIFY THOSE SUPPLIFRS REQUIRING RELIARILITY PROGRAMS
PROVINE APPROPRIATE CONTRACTUAL/PROCUREMENT INPUTS TO ENSURF
CONTROL OF SUPPLTIER/SURCONTRACTCR RFLIABILITY PROGRAM
MAKF PROVISIONS FOR RELIABILITY PROGRAM REVIEW BY THE NASA FOR
ATI. PROCURED HARDWARE/SOFTWARE

12205-3
IDENTIFY DATA AND DOCUMENTATION REQUIREMENTS FOR THOSE SUPPLIERS
WHN ARE NOT REQUIRED TO HAVE RELIABILITY PROGRAMS
DFVELOP AND PROVIDE GUIDELINES FOR TASK IMPLFEMENTATION TO ENSURE
COMMONALITY IN APPROACH BETWEEN CONTRACTOR AND SURCONTRACTORS

1r206

INTEGRATE RFLIABIUITY ACTIVITIES ASSOCIATED WITH GFP HARDWARE
ORBRTAIN ADFQUATE RELTIARIIITY DATA ON GFP FROM THE PROCURING
NASA ORGANTZATION
INTEGRATE GFP DATA, PPORBRLEM PEPORTING, FVALUATION TESTING INTO
THE SHUTTLE RELTABILITY TASKS
FORMATLY ADVISE NASA OF INCONSISTENCIES IN RELIARILITY OF
SYSTEM AND GFP
PROVIDE FORMAYL ADVICE TO THF NASA REGARDING ANY INCOMPATIRILITY
BETWEFN GFP AND SHUTTLE SYSTEM

INTEGRATF OFF THE SHELF HARDWARE INTO SHUTTLE VEHICLE
PFOVIDE A SYSTEM FOR ASSURING THE INTEGRITY OF OFF-THE-SHELF
HATDWARE

SD 71-101
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Task 2 - Design Specifications

The con*ractor shall generate specifications to provide control of
desired hardware/software characteristics andi a consistent recorded
baselin= for quiding the shuttle desiqn through the program. Details

of the specification requirements are listed with an indicated program
apnlicability.

Notes: A. Right Hand Columns designated as follows:

1. BRaseline: NHBS5300.4 1A
2. Air Vehicle Hardware Requirements
3. Mission Essential GSE
4, Non-Mission Essential GSE
1A301-1
SPECIFICATION OF RFLIABILTITY REQUIREMENTS IN DESIGN DOCUMENTATION 1213

ASSURE ADEQUATF SPECIFICATIONS FOR EACH ITEM AT SYSTEM,
SURSYSTFEM, COMPONENT AND PART LEVEL

X X X
DEFTNF FUNCTIONAL AND PHYSICAL REOUIREMENTS OF ITEM FNVELOPF X
ASSIJRE THF ENVIRONMENTAL REQUTREMENTS ARF SPECIFIED ADEQUATELY X X X

INENTIFY TRST REQUIREMFNTS AFFECTING RELIARILTTY INCLNDING
OUANTTTIES, OVERSTRESS, ETC. X X X
ASSTRF DEMONSTRATION CF SAFFTY MARGINS AND DERATING FACTORS X X X
ASSUPF TOFNTIFICATION OF PHYSICAL PARAMETERS AND CONSTRAINTS X X X
ASSURFE DEFINTTTON OF TEST SETUPS AND CONDITIONS X X
ASSURF INSPECTION, ACCEPTANCE/REJECTION CRITERTA ARE DEFINED X X
SPRECIFY APPOPTIONED RELIABILITY GOAL X
ENSURF USE OF APPROVED MATRRTALS AND DARTS X X
RFONTRE APPT.TCATION OF APPROVED DESIGN, PROCESS, AND FABRICATION
PRACTTICES X X
SPFCIFY RELIABILITY REQUIREMENTS AND ASSURE THEIR COMPATIBRILITY
WITH TNTERFACING SUBSYSTFM/PROGRAM ELEMENTS X X X
1M301-2
PROVINE RFLIABILITY SUPPORT 123

RFT.IARTILITY PERFORM TNDEPENDANT REVIRW TO ENSURFE APPROPRIATFE
COVFRAGE, CONSISTFNCY, AND COMPLETFNESS FOR RELIABILITY ASPECTS X X X
ASSURE DFFINITION OF TRACEARTIIITY, PACKAGING, HANDLING

REQOUTREMFNTS X XX
1A391-3
SPECIFICATION REVISION 123
REQUIRFE SPECIFICATION REVISION WHEN FUINCTIONALLY OOT-OF-DATE OR
DEFTICIENT X X X
CONDUCT RET,IARILITY REVIEW OF SPECTIFICATION REVISIONS X X X
D-6
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Task 3 - Peliability FEvaluation

Peliability analyses consist of +hose quantitative and qualitative
evaluations used to measure conformity of a product +o reliability
ohjactives., Elements of this requirement are listsd helow.

Notes: A. Right hand columns designated as follows:

1. Baseline: NHB5300.4 1A

2. Air vehicle Hardware Requirements
3. Mission Essential GSE

4. Non-Mission Essential GSE

< =

1A3N2-1

PEZRFORPM NUMFERICAL RELIABILITY ANALYSFS ON SHUTTLE SYSTZM DESIGNS 1
FSTABLISH SYSTFM RELTIARILITY GOALS X
APPORTION GOALS TO SURSYSTEM LEVEI, X
APPORTION GOATS TO COMPCNENT LEVET, X
DEVELOP PREDICTION MODELS X
USF PREDICTIONS FOR PROBABILITY OF OCCURRENCE NEFINITION FMEA X
188 PREDTCTIONS TO IDFNTIFY POTENTIAT, RELIABILITY PRORL,™M AREAS X
NTILIZFE PREDICTIONS FOR MISSION PLANNING, TFEST AND SVALUATION
PROGRAM PLANNING Y
USE PREDICTIONS FOR MAINTFNANCE/IOGISTICS PLANNING X
UTTLIZF PRIDICTIONS AS A TRADE STUDY COMPARISION TOOL FO®
SIMILIAR HARDWAPE CONFIGURATIONS
INPUT APPORTIONED RFLTABILITY GCALS TO PROCUREMFNT DOCUMENTATION
PERFORM RELIABILITY TRESTING TO DEMONSTRATE PRFNTCTED RELIARTLITY
LFVELS ¥
TIS¥ PREDICTIONS AS A TOOL IN SELECTING REAUTRFD RPFNDINDANCE
LFVELS X

13302-2

PFOVIDE FIUNCTINNAL BLOCK DIAGRAMS 1
PRPOVIDE FUNCTIONAL/EQUTPMENT BLCCK DIAGRAMS TO COMPONENT LEVEL X
EACH RLOCK SHALL INDICATE PREDICTED RELIARITLITY AND APPORTTONED
GOATL X
UPDATFE RLOCK DIARRAMS X
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Task 1A303 - Failure Mode Effect and Criticality Analysis

The failure mode, effect and criticality analysis is a systematic design
evaluation, performed ir concert with configuration selection efforts,
which serves to optimize the subsystem design by identifying potential
problem areas due to failures. For each mode of failure, pertinent

data are generated and documented to allow the timely implementation

of preventatives/curative measures.

Notes: A. Right Hand Columns designated as follows:

Baseline: NHBS300.4 1A

Air Vehicle Hardware Requirements
Mission Essential GSE

. Non-Mission Essential GSE

£ WN -
.

1A303-1

TMPLEMENT THF SHUTTLE FMEA ACTIVITY
CATEGORIZE FAILURF MODES BRY CRITICALITY BASED ON FAILURE EFFECT
TDENTIFY PRIMARY CAUSES OF FAILURE MODES
PROVIDE FSTIMATED TIM® TO EFFECT FOR ALL IDENTIFIED MODFS
INDICATF DFTECTARILITY OF FAILURE MODES
IDENTIFY ALI. POTENTIAL HAZARDS
IDENTIFY THE NFED FOR RFDUNDANT FEATURFES OF FQUIDPMENT
INPUT MISSION SUPPORT/OPERATIONAL DOCUMENTATION
EVALUATE FAILURE FFFECT ON PFRSCNNEL/MISSION/SURSYSTEM/VEHICLE
TDENTIFY UNTQUE CERTIFICATION REQUIREMENTS FOR FAILURE MODE
INPUT PAPT APPLICATION/DERATING REVIEWS
USE FMEA TO IDENTIFY TIME/CYCLE OR AGE SENSITIVF COMPONFNTS
ASSESS PROBABILITY OF FAILURE OCCURRENCE
COORDINATE FMEAS WITH ASSOCIATED EFFORTS
IDENTIFY CRTTICAL TITEMS FOR CONFIGURATION CONTROL/TRACEABTLITY
SUUPPORT RELTARILITY MODELS AND PREDICTIONS
IDENTIFY MANDATORY INSFPCTION PCINTS
ASSURF TEST PROGRAM IS RFSPONSIVE TO KNOWN OR SUSPECTED FAILURE

X K -
P DK KXW
>

M AKX I XX PR KX

E]

b I P I
» X
Fad

>
>

MODES XX X
GENERATE SINGLF FATILURE POINT SUMMARIES 1234
DOCUMENT S F P SUMMARY FOR CRITICALITY T HARDWARE X X ¥
DOCUMENT S F P SUMMARY FOR CRITICALITY II HARDWARE X X X
MAINTAIN REAL-TIME VISIBILITY AND CONTROL OF 5 F P X XX
1A303-2
PERFORM FMEA ON SPACE SHUTTLE HARDWARE 12314
PERFORM FMEA AT THE COMPONENT LEVEL X
PERFORM FMEA AT LEVEL INDICATED BY SIGNIFICANCE OF FUNCTTON X X
1A303-3
GENERATE LOGIC DIAGRAMS 1234
DEVELOP COMPONFNT-LEVEL FUNCTIONAIL I.O0GIC DIAGRAMS
CREATE LOGIC ONLY AS REQUIRED TC SUPPORT INTERPR¥TATION OF FMEA X X
UPDATE LOGIC DIAGRAMS PERINDDICALLY X XX
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Task 5 - Maintainability/Flimination of Human-Induced Failures

The maintainability effort shall consider those features of the

confiquration requiring preventative/curative measures to nrecluie

operational defficulties due to failure, wear-out and exceeding

useful hardware life., Requirements of this task are listed helow:

Notes: A. Right Hand Columns designated as follows:

Baseline: NHBS300.4 1A

Air Vehicle Bardware Requirements
Mission Essential GSE

Non-Mission Essential GSE

EWN -
LI ]

12304-1

PROVIDE SYSTEM MAINTAINABILITY
MINIMIZE POTENTIAT, SOURCES OF HUMAN INDUCED FAITURES IN
GROUND SUPPORT AND OPERATIONS, AS WELL AS, MISSION OPFRATIONS

1A304-2

PFRFORM MAINTFENANCFE PLANNING ACTIVITIES
IDENTIFY FAILURE MODES/SYMPTOMS FOR COMPONFNT FAILURES
SUPPORT MAINTENANCE PLAN BY PRECICTING FAILURE/REMOVAL RATES
FESTABLISH ANTICIPATED REMOVAL RATES BASED ON USE/TEST DATA
PPEDICT REMOVAL RATES TOR THAT HARDWARE HAVING NO USE HISTORY
IDENTIFY AGE-SENSITIVF MATERIALS
IDRNTTIFY TIME/CYCLE LIMITED HARDWARZ
HARTWARE
SUPPORT THZ DEFINITION OF LRU SIZING AND REPLACEMENT LEVEL
INPUT TRAINING/INSTRUCTICNAL MATERIAL REGARLCING FAILUR® MODES
THAT RESULT TN HAZARDCUS CONDITIONS

RFEVIFW MATINTAINABILITY CONTROLS AND DOCUMENTATION FOR ADEOUACY
CLOSELY COORDINATE RELIABILITY/MAINTAINABILITY TASKS TO OPTIMIZE

RT"LTARILITY/MAINTAINABILITY TRALDE-OFF

SD 71-101
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Task 6 - Design Review

Designs shall be reviewed to ensure selection of design solutions that
are compatible with program objectives. Requirements are listed halow:

Notes: A.

1A305-1

PERFORM DESIGN REVIEWS 1
EVALUATE DESIGNS AT THF PART LEVFEL, WHFERE RENEFICIAL
EVALUATE DESIGNS AT THF COMPONFNT LEVFL, WHERE BENFFICIAL
EVALUATF DESIGNS AT TH@ STIBSYSTEM I.FVFL
EVALUATE DESTGNS AT THT SYSTEM IEVEL
FVALUATE CHANGES IN PROCFSS AND FABRICATTON PROCEDIRES

ASSESS CONFIGURATTON CHARACTERTISTICS AND ALTFERNATE TECHNTCAL OPTIONS
RFVIEW SINGLE FAILURE PCINTS X

Right Hand Columns Designated as follows:

1. Baseline: NHR5300.4 1A

?. Air Vehicle Hardware Requirements
3, Mission Fsseantial GSE

4, Non-Mission Essential GSE

- b ]
HKroX XK KKK
XWX XX

FVALUATE ACCFPTABILITY OF CRITICAL COMPONENTS, PARTS AND

MATERIALS

ASSURF THE ESTARLISHMENT OF MARGINS OF SAFFTY AND PROPER DERATING
ASSFSS POTENTIAL DEVELOPMENT PROBLEM AREAS

REVIEW ADHERENCE TO APPROVED DFSIGN PRACTICFS AND STANDARDS

REVIEW ADEQUACY OF SPECIFTCATTONS AND OTHEP CONTPOL DOCUMENTATION
IDENTIFY POTENTIAL LOGYSTICS/SPARING PROBLEM AREAS

ASSESS TESTABILITY CF PROPOSED CCNFIGHURATTONS X
EVALUATE MAINTATNABILITY OF CONFIGURATION CANDIDATES

R I R ]
AKX K XX

ASSTURE SELFCTED CONFIGURATION IS COMPATIBLF WITH FSTARLISHED

RFLIABILITY REQUIREMENTS
RFVIEW CONFIGURATION CERTIFICATION/QUALIFICATION STATHS
PROVIDFE DESIGN REVIFW DOCUMENTATION/REPORTS

[ ST 4
w K X

PPOVIDE DESIGN REVIEW INPUT PACKAGES
GENERATE DFSIGN REVIEW MFETING MINUTES

DNOCUMENT REVIEW RESUITS IN DESIGN FEVIEW REPORTS
MINIMIZE POTENTTAL SOURCES NF HUMAN~INDNOCED FAILURFS TN DNSIGNS

1
X
X
PROVIDE SCHFDULE FOR PROGRAM DESIGN REVIEWS X
X
X
RELIABRILITY FOLLOW-UP ACTINN ITEMS TO FNSURE ADFQUATF COMPLETION X

X o X X
KoK X R

ASSURE INTERORGANIZATIONAL PARTICIPATION OA, PELIABITITY, DFSTGN,

NASA, MANUFACTPRING, PARTS, ETC.
PERFORM SUPPLIER DESTGN RFVIEW
PROVIDE A PROGFAM WITH ELEM®ENTS DEFINED IN PARA. 1A305-1
RELIABILITY PARTICIPATE, AS REQUIRFED, IN SUPPLTIER DESIGN REVIFWS
PERFOPM REVIEW OF FNGINEERING CHANGES
RELIARILITY ASSURE PROPFR ASSFSSMENT OF DESIGN MODT FICATIONS
RELIARILITY MEMBERSHIP ON CHANGF CONTROIL BOARD
DESCRIBE REVIEW PROGRAM TN RELTARILITY PROGRAM PLAN

Kowd R

MK s KX =X
M X X N X XN X
w
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Task 7 - Problem/Failure Rerorting and Correction

A closed-loop system of failure/problem reporting, investigation/analysis,
and corrective action will be implemented on the shuttle program. This
effort shall be so organized and implemented as to provide appropriate
program emphasis on problem resolution in a manner consistent with
shuttle program objectives.

Notes: A, Riqght Hand Columns designated as follows:

1. Baseline: NHR5300.4 12

2. Air Vehicle Hardware Requirements
3. Mission Essential GSE

4. Non-Mission Essential GSE

12306-1

IMPLEMENT A HARDWARE PROBLEM/FAILURE RFPORTING SYSTEM 1234
REPORT FAILURES ON FLIGHT CONFIGURED HARCWARE X X
REPORT FAILURFS ON GROUND EQUIPMENT DIRECTLY INVOLVED IN MISSION
OPERATIONS AND MISSTON ESSENTTAL GSE X X
REPOPT FAILURES FOR CHECKOUT ECDIPMENT AS INDICATED IN RELIA-
BILITY PFOGRAM PLAN X X X

REPORT ATL SUSPECTED AND OBRSERVED NONCONFORMANCES OF A FUNCTIONAT,
NATURE INCLUDING TRANSTENT CONDITIONS, HANDLING-INDUCED ANOMALIES

AND OBSFRVED UNEXPLAINABLE DEVIATTONS IN PERFORMANCE X X X
PEPORT FACH FAILURE WITHIN TIME PFRIODS STATED WITHIN CONTRACT X X XX
MAINTAIN A PRORLEM/FAILURFE REPORTING SYSTEM FOR SOFTWARE DEFICENCIES 1 2 31 4

RFPORT PFRORLFEMS ASSOCTATED WITH TEST AND CHECKOUT PROCFEDURFS,
TEST SPECIFICATIONS X
REPORT PPORLEMS TN OPERATING ANC HANDLING INSTRUCTIONS X X X
RFPORT PROBLFMS ASSOCTIATED WITH COMPUTER PROGRAMS X

A REPORT PROBLEMS IN COMPUTER PROGRAMS ASSOCIATED WITH ON-BOARD

MISSION EQUIPMENT X X
B REPORT COMPUTER PROGRAM PROBLEMS OCCURRING DURING TEST,
CHECKOUT ANLC LAUNCH OF MISSICN HARDWARE X XX
C SOFTWARE PROBLEMS IN TEST, EXECUTION, AND POST-MISSION
OPFRATION X X
THE SOFTWARE PROBLEM/FAILURE REPORTING SYSTFEM SHALL BE COMPATIBLE
WITH THE RARDWARE PROPLEM/FAILURE REPORTING SYSTEM XXX

REPORT DEFICIENCIFS AND AMBRIGUITIFS WHICH ARE CONSTDERED POTEN-
TIAL CONTRTRUTORS TO IMPROPFR OFERATION OR FAILURE OF THE HARD-

WARE/MISSTON XXX
SOFTWARS PROBLEM REPORTING SHALI BFGIN AT FIRST APPLICATION/
SIGNOFF X X X
PROVIDE INVESTIGATION AND ENGINEFRING ANALYSIS ON REPORTED PROBLEMS 1 2 3 4

PFRFORM LABORATORY FATIURE ANALYSIS ON FAILURES FOR CRITICALITY

I AND IT AND CRITICALITY III BASED ON TREND ANALYSES X X X
CATEGORIZE FAILURES/PROBLFMS BY CRITICALITY X X X
DIFFERENTIATFE BETWEEN FUNCTIONAL/NON-FUNCTIONAL NONCONFORMANCES X X X
RECURRENT NONCONFORMANCES WTLL RBRE INVESTIGATED FOR INCLUSION IN

PROBLFM REPORTING SYSTFM X X X

D-11
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A NON-FUNCTTIONAL NONCCNFORMANCES
B FUNCTIONAL NONCONFORMANCES DURING IN-PROCESS TESTING, OR
MATERIAL REVIEW BOARL ACTIONS
PROVIDE PROBLEM/FAILURE CLOSEOUT ACTIVITY
ACCOMPLISH AND DOCUMENT REMEDIAL AND PREVENTIVE ACTIONS
PROVIDE REVIEW OF PROBJEM CLOSURE TECHNICAL DECISTIONS BY
RELIABILITY AND BY HIGHER LEVELS OF TECHNICAL MANAGEMENT
PROVINE FOR CIOSEOUT CF EACH REPORTED PRORLEM/FAILURE WITHIN
TIME PERTODS DEFINED IN THFE CONTRACT. CLOSFOUT REDUTRES THAT:
A REMEDIAI ACTTONS HAVE BEEN ACCOMPLISHED
B NECFSSARY PRFVENTIVE DESIGN AND SOFTWARE CHANGES HAVE BEEN
DEVICED AND ACCOMPLISHED
NECFESSARY DESIGN CHANGFS HAVE BFEN VERIFIED IN TEST
CLOSEOUT HAS PROPFR MANAGEMENT/RELTARILITY/QUALITY APPROVALS
EFFECTIVITY OF PREVENTIVF ACTIONS HAS RREN ESTARLISHED
THF PREVENTIVE ACTINN HAS BEEN MADFE IN FXISTING IDFNTICAL
ITEMS OF HARDWARE TO WHICH IT IS PFRTINFNT
1A306-2
PROVIDE DOCUMENTATION FOR PROBLEM/FAILURE REPORTING/CORRECTION TASK
PROVIDE TIMELY DISEMINATION OF PROBLEM/FAIIURFE REPORTS WITHIN
CONTRACTOS ORGANIZATICN
DISSEMINATE SITE-GENERATED PROBLEM/FAILURE REPORTS WITHIN PLANT
PROVIDE PROBLFM/FATLURE RESOLUTION STATUS TO APPROPRTATE
FUNCTIONS
REQUIRE THAT SUBCONTRACTORS SUBMIT PROBLEM/FAILURE REPORT TO
CONTRACTOR WITHIN THE PERTOD SPECIFIED IN THFE CONTRACT
PROVIDE TIMELY DISTRIBNUTION TO THE NASA OF PRORBT.EM/FAILURE
RFPORT AND ATTFNDANT ANALYSIS REPORTS
RFPORTING AND DATA PROCESSING ASPECTS OF CONTRACTORS SYSTEM
SPALL RE COMPATIBLFE WITH THE PROCURING NASA SYSTEM

LEvReNe]

XXX X X

>

X

THE RELIABILITY PROGRAM PLAN SHALL DESCRIBE THE FAILURE REPORTING

SYSTEM INCLUDING REPORT FORMAT, NIMBERING SYSTFM, PROCEDURE,
RFSPONSIBILITTYES BY CRITTCALITY AND FUNCTIONAL CATEGORY

THE COMPLEMENTARY INTFERFACE IN RFSPONSIBILITIES, PROCEDNURES
AND PRACTICES WITH THE QNALITY REPORTING EFFORT SHALI. RE DIS-
CUSSED IN THE RELTABILITY PROGRAM PLAN

CUMULATIVE STATUS SUMMARIES COVERING FACH REPORTED PROBLFM

X

X

SHALL BT SUBMTTTED AS A PART OF THE PERIOCIC RELTARILITY PROGRFSS

REPORTS

FAILURPE RRPOPT NUMBER AND SOURCE OF PROBILEM/FAILURE
TEST AND SITF WHERE PROBLEM/FAILURFE OCCURRED
CRITICALITY CATFGORY

PROBLEM/FAILURE DATE WITH PROJECTED CLOSEOUT

TNENTTFICATION OF END ITEM, IF KNOWN

RRIFF DESCRIPTION OF PROBLEM

STATUS OF ANALYSIS AND CLOSECUT ACTIVITY

IDENTIFICATION OF FORMAT, DOCUMENTATION CHANGES FOF CLOSFOUT
THE STATUS OF SIGNIFICANT OPEN FATLURES/PROBLEMS WILL RE
NDISCIISSED IN THE PRERTODIC RFLIAPILITY MANAGFMENT MEETINGS

T NDMmMoOO TP
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Task 8 - EEF Parts Prograr, and Materials Program

The required activities for the proper control of parts and materials

us~d on the shuttl2 proagram shall be identifisd and contrnlled.
requirements to be satisfied are listed in the matrix healow:

Notes: A, Right Hand Columns designated as follows:

1. Baseline: NHBS$300.4 1A

?. Alr vehicle Hardware Requirements
3. Mission Essential GSE

4. Non-Mission Essential GSE

12307-1
1A308-1
TMPLLEMENT PARTS FEE/MATERIALIS PROGRAM
PROGRAM CONSTISTS OF SFILFCTTON, STANDAFDIZATION, SPECIFICATTON,
OUALIFICATION, APPLICATION, CORRECTIVE ACTICN, HANDLING, ETC.
US® NASA-PEEFERRED PARTS IN NEW DESIGNS
TA30R-2
MAINTATN PARTS/MATERIALS ORGANIZATICNS
TISFE QUALIFIED SPRECIALISTS TN ADVISE DESTGN
1a3ng-3
PROVIDE PART SELECTION/SPECIFICATICN CONTROLS
MATNTAIN PARTS LISTS FOR THE NASA PEVIFEW
NASA APPROVAI, OF PARTS SELECTION REQUIRED
CONTRACTOR RELTIABILITY APPROVES SELECTION OF ALL EFF PARTS TO RF
USEQ ON THE SHUTTLE
MAINTAIN STANDARD/PPEIFERRED PARTS LISTS FOR US®E IN NEW DESIGNS
1A308-4
NTILIZ® SPECIFICATION CCNTROT, FCR PARTS NSFD IN SHUTTLFE HARDWAPE
SCRFENTNG AND RURN-IN TEST REQUIRED
PAPT FAITURE RATES SPECIFIFD IN PROCUREMENT NOCUMENTS
1A30R-5
FSTABLISH PART QUALIFTCATION/CFRTIFICATION TFST
SFLECT QUALIFTED PARTS WHFRE POSSIRLE
USE MIL-SPFC LFVEL PARTS QUALIFIED TO MIL-SPEC
QUALIFY NFW PARTS FOR USE IN CRITICAI, GSFE
2PUALTFY ALL NFW PAPTS FOR USF TN CRITICAL FUNCTIONS
PEQUATTFY PARTS AND MATFRIALS, AS REQUIRED
RFEPORT OUALTFICATION STATUS OF FARTS/MATFRIAL
MAINTAIN A FILE OF PARTS/MATFRIALS QUALIFICATION DATA
1A30R-4
MATNTAIN A MATERTALS LTST PROJECT FOR SUBMITTAT. TO THE NASA
1A308-7
CONMNIICT PAPTS/MATERIALS APPLICATION RFVIEW
PEVIFRW THE OPERATIONAT. CHARACTERISTTICS OF PARTS "NDER WORST-
CASE FENVIRONMENTAT, CONDITIONS TC ENSURE OPFRARILITY
1A308-8
PARTS DATA SHALL EE MAINTATNWD
MAINTAIN AGE CONTROL AND TIME/CYCL® DATA FOR LTIMITED-LIFE PARTS

SD 71-101
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MAINTATN RECORDFD DATA FOFP ACCEPTANCE AND SCREENING TEST ON PART

PPOVIDE PARTS TRACEABILITY BACKWARD ONLY FOR SHUTTLE PARTS
1A308-9
MAINTAIN A FAILURE REPORTING/CORRECTIVE ACTION SYSTEM FOR PARTS
REPORT ALl, POST-ACCEPTANCE TEST FAILURES -
RRPORT ALL PART FAILURES OCCURRING IN QUALIFICATION TESTS
RFPORT PRORLEMS INSTFEAD OF PIECE-PART FAILURES
CORRECTIVE ACTION REQUIRED ON PART FAILURES

CORRFCTIVE ACTION REQUIRFD ON PARTS USED IN CRITICAL FUNCTIONS

AND NECESSARY FOR FUNCTION MAINTENANCE
MATINTAIN SUSCONTRACTOR PARTS CONTROLS

PERFORM CORRECTIVE ACTION FOR PARTS CAUSING FAILURE IN HIGHER

ASSFMBLY LEVFL
RFOUIRE SURCONTRACTORS TO SUBMIT A PARTS PROGRAM PLAN

SUBCONTRACTORS SHALL SURMIT PARTS LISTS AND PART SPECIFICATIONS

FATLURE RFPORTING, CORRECTIVFE ACTION, QUALIFICATION STATUS,

APPLICATION REVIEWS SHATL BE RECUIRED FROM SUBCONTRACTOR PART

PPOGRAMS
PROVINTG MATFRIALS SPECIFICATION AND APPLICATION REVIEWS

ASSTIRE MATERIALS UTILIZED HAVE SPECIFTCATIONS COMPATIBLE WITH

PELTABILITY PFOGRAM REQUIREMENTS
INPOT DESIGN REVIFWS FROM RESULTS OF APPLICATION PEVIEW
ASSURE THAT A MATFRIALS USEAGE AND SURSTITUTION LIST IS KEPT

SD 71-101
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Task 9 - Testing

A planned program of testing and analysis shall be used to ensure +hs

safe conclusion of defined program missions. Requirements are definad

below:
Notes: A. Right Hand Columns Designated as follows:

1. Baseline: NHB5300.4 1A

?. Air Vvehicle Hardware Requirements
3. Mission Essential GSE

4, Non-Mission Essential GSE

PROVIDE RELIABILITY E=VALUATION PLAN
PROVIDE OUTLINE AND MILESTONES CF PROJECT TESTING PROGRAM
PROVICF SPECIFIC PLANS AND SCHELULES FOR TESTING

A IDENTIFY TESTS WHICH CONTRIBUTE TO THE ESTABLISHING/MEASURING

AN/OR VERIFYING RELIARILITY
DESCRIBE ROLE OF TESTING IN RELIABILITY EVALUATINON OF SYSTFM
IDENTIFY RELIARILITY-SIGNIFICANT TEST SEQUENCFS
BY COMPONENT, SHOW HCOW LIFE/OVFRSTRFESS TESTS ARE TO BE USED
IN RELIARIIITY FVALUATION,
PPOVITE A TEST PROGRAM
THE CONTRACTORS TEST PROGRAM SHALL:
VERTFY CAPABILITY OF DESIGN

a0 m

IDENTIFY UNEXPECTEDR INTFRACTIONS AMONG COMPONENTS

INDENTIFY FATLURE MODRES REFLECTING WORKMANSHIP, MATERTIALS,

QC DEFICIFENCIES

ORTAIN FAILMRE RATES AND OTHFR RELIABRILITY DATA

REVIEW/APPROVE DETAILED TFST PLANS/SFT-1JPS
REVIEW ALI. CERTTFICATION/QUAIIFICATION TESTING TO EVALIATE
FATLIJRE MODES OCCURRING DURING TEST FOR RELIARILITY IMPACT

IDENTIFY HARDWARE DEFTCIFNCIFS UNDER ENVIRONMENTAL/USE CONDITIONS

PROVIDE VEHICLE CERTIVIATION

RFVIEW/APPROVE LFEVALS OF ASSEMBLY TO BF TESTED AND ENVIRONMENTS
DEFINE CERPTIFICATION REQUTREMENTS BASED ON CRITICALITY
SUPPORT CERTIFICATION/QUALIFICTION BY PROVIDING PROGRAM GROUND
RULES TO FNSURE RELIABILITY OBJIECTIVFS ARE MET.
PREPARE AND MAINTAIN A CFRTIFICATION STATUS LIST

PREPARE TEST SPFCIFICATIONS, PROCENURES AND REPORTS

PERFORM LIFE TESTING AND RELIABTLITY DEMONSTRATION TEST

PPOVIDE RELIABILITY ASSESSMENTS FOP SYSTEM RELIARTLITY

TNPUT RELIABILTTY DATA TO RFADINFSS REVIEWS

PEVIFW RELIABRILTTY EVALUATION EFFORT

jo Jie Jive Bb- |

o]
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RELIABILITY DICTIONARY

This dictionary contains descriptions of tasks that differ from or are not
included in NHB5300.4 1A. :

Past Technical Performance of each Potential Source of Supply - Utilize as
a criterion of supplier selection the past reliability performance including
fajlure and solution activities on similar technical endeavors.

Launch Site Reliability Plan Only - Limit off-site reliability plans to that
dealing with the launch site due to the uniagneness of launch-associated
oroblems. Other development activities are corpatihle with these normally
within a reliability management plan,

Conduct Periodic_(Quarterly) cContractor/NASA_Program_Management Reviews - The
format of technicals/status reviews on a periodic basis is the recommended
approach to providing the essential elemant of reliability program management
visibility in a timely manner. The scope of coveraqge includes:

A. status of task accomplishments/milestones.

R. Recommended corrective actions for identified problem areas.

C. Revisions in schedule.

D. Identification of program actions/decisions affecting reliability

with assessment of program impact.

<. Advise of anticipated reliability proaram slippages.

provide Formal advice to_the NASA Reqarding apy Incompatibility Between CFP

ani _Shuttle Syster - The provision of the compatibility status of GFP and other
program hardware is a reliability ccncern and all areas should be rigidly
docum2nted and rerorted to the NASA.

Provide_a_System_for Assuring_Integrity of off-The-gshelf Hardware - To cop=e
with those rroblems unique to the procurement of off-the-shelf designs and
hardware, a system of defining discipline rigors and controls is a program
requirament.
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TASK_II_DESIGN _SPECIFICATION

Assurz_Definjitions of Test Set-ups_and_cConditions -To precluds the variable

of erroneous test set-up and performance and its potential impact on reliabili+y
rrogram objactives, the review of the specified tast activity has been defineqd
as a reliability effort,

Assure_Ipspection Acceptance/Rejection Criteria are Defined -To minimize
attendant reliability problems associated with nebulous acceotance/rejection
raequirements, reliability will assure design specifications oproperly address

this rparameter.

Ensure _Use_of Approved Materials_and Parts - Provide a where-usad review to
ass2s5 the application of proper parts and materials.

Regquire_Application of Aprroved Design, Process and Fabrication Practices -
Assure by specification review that known and undarstood design and fabrication
rractices are emrloyed.

TASK_III RFELIABILITY EVALUATION

Non~

TASK_IV_FAILURE_MODE_EFFECT ANALYSIS

Provide_ Fstimated Time To Fffect For All Identified Mod2s - This input shall
reflect. the elabsed time between mod= of failure and its mos+ severe
consequence,

Perform_ FMEA_At_ Level Ipdicated By Significance Of Function - Expenditure of
technical effort and consequently, 4depth of FMEA detail, shall be de*ermined
by the significance of of hardware under review.

Create_Logic Oply_as Reguired To sypport Interpretation of FMEA - Logic Diagrams
will not be generated as an end product but used as required to support
numerical analysis in trades and for clarification of FMFA's,
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TASK_V_MAINTAINABILITY/ELIMINATION OF_ HUMAN INDUCED FAILURES

Establish_Anticipated Removal Rates_Based On use/Test_Data - Define anticipated
removall. rates for program equipment based on data from multiple sources and
defined program use conditions.

Predict _Removal Rates_ For That Hardware_Having No Use History - Provide program
quidance by predicting removal rates for new and state-of-art configurations
which have no field data.

fo qurporf LRU s1zan and plannan studies.

Raview Maintainability Controls_and_pocumentation for Adequacy - Assure
maintainability documesntation/controls adequately define and control limited
life and timecycle considerations.

TASK_VI DESIGN_REVIEW

Evaluate_Designs_at_Part Level, Where Beneficial - Where complexity and use
dictate additional review, reliability will initiate and sponsor effort.

Evaluate Changes_in_Process_and_ Fabrication_Procedures - Assure assessment
of all proposed changes in design, fabrication/processing of critical hardware.

Assure_Establishment of Margins of safety and Proper Derating - Review designs
to assure that program gquidelines have been applied.

Assess_Potential_ Development Problem Areas - Predict anitcipated development
problems based on similarity to existing hardware

Review_Adherence_to Design_Practices and_standards - Assure that design review
identifies and is appropriately responsive to arproved design practices and
standards.

Review_Adequacy_ of gSpecification _and_Control Documentation - Assure that design
review identifies and is aprropriately responsive to requirements of
svecification and other control documentation which impact reliability
objectives,

Identify Potentjal Logistics/Sparing Problem Areas - Provide an assessment
of unique svaring problems associated with design.

Evaluate Maintainability of configquration_candidates - Review those
maintainability elements associated with reliability - e.g., limited life,
high failure expectancy hardware, etc.

Agssure_Selected_Confjqurations Comratibility with Establish Reliability
Requirements - Review proposed configuration to ensure compatibility and
consistency wi*h using end item reliability requiremrents.
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Peview Configuration Certification/Qualification Status - Assure the
consideration of status of certification in the design solution selection
FYOoCcoss.

TASK VII

Periodic _Reliability Mapagement Meetipngs - Utilize the periodic management
meetings to identify and establish a course of action for those failure/problems
which th2 contractor has identified as potential orogram impacts.

The Status of Significant Open Failures/Problems_will he Discussed_at_the

TASK_VIYII EEE _PARTS_PRNOGRAM_AND MATERIALS PROGRAM

Contractor Reliability Aprroves_Selection of all EEE Parts +o be_Nsed
on_Shuttle - The contractor shall be helA solely resvonsible for designs
including parts and material selections and aprlication.

Use _Mil Spec_Leval Parts Qualified to Military Part Specifications - For

selected Shuttle usage, parts with a Mil-spec qualification history are
suggested.

Qualjfy all New Parts for Use in Critical Functions - Assure that all parts
used in critical functions have a qualification/certification history compatible
with intended use conditions.

Report Problems_Inst2ad of Pieca-Part Fajilures - To minimize costs and attendant
corrective action activites established by the Problem Reporting System, it

is pronosed that reporting of vart failures be limited to +hose areas involving
rroblems or significant failures such as qualification testing of parts.

Assyre Material Utilized Have_Specification cCompatible wit Reliability
Program _Raquirements - Review material usage to ensure compatibility with
brogram use, envircnmental and reliability imposed constraints.

TASK_IX_TESTING

Review/Approve_Detailed Test Plans/Set-Ups - reviaw proposed testing activities
*o assure vroper relieving of constraints.

Review all certification/Qualification Testing to Evaluate Failures Modes
During Test For_ Reliability Impact - Ass=ss failure modes which occur during
testing to identify potential operational deficiencies.

Identify Hardware Deficiencies Under_ Environmental/Use Conditions - Identify
any overational characteristic or environmental sensitivities which may result
in potential reliability rroblem areas.

Support Certifications/Qualification_by Providing Program Ground Rules_to
Ensure Reliabjlity Objectives _are Met - Provide thoso program ground rules
which are necessary tc imrose proper rigor in certification cycle.

END OF DOCUMENT (ATS/360 41005010005:6)
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CUALITY ASSURANCE
PROGRAM REQUIREMENTS
FOR
SPACE SHUTTLE

PROGRAM MANAGEMENT PLAN
APPENDIX E

(ATS/7360 41005010003:6)

SPACE DIVISION
NORTH AMERICAN ROCKWELL
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QUALITY ASSURANCE

APPENDIX E TO PROGRAM MANAGEMENT PLAN

NOTES: A. RIGHT HANLC COLUMNS DESIGNATED AS FOLLOWS:
1. BASELINE: NHB5300.4 (1B)
2. AIR VEHICLE HARDWARE REQUIREMENTS
3. MISSION ESSENTIAL GSE

4. NON-MISSION ESSENTIAL GSE
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QUALITY PROGRAM

TYE QUALITY ASSURANCE FUNCTION IS RESPONSIBLE FOR ESTABLISHING AND
MAINTAINING AN EFFECTIVE AND ECONOMICAL SYSTEM WHICH ENSURES DELIVERY

OF PRODUCTS OF ACCEPTABLE QUALITY. TO PROVIDE THIS ASSURANCE THE QUALITY
ASSURANCE ORGANIZATION VERIFIES THAT ADEQUATE REQUIREMENTS ARE ESTABLISHED,
PEFORMS INSPECTIONS, CONTROLS TESTS, PROVIDES MANAGEMENT SURVEILLANCE FOR THE
QUALITY PROGRAM, AND OBTAINS CORRECTIVE ACTION AS NECESSARY.

1B200 QUALITY PROGRAM '

1234
MAINTAIN AN EFFECTIVE AND TIMELY QUALITY PROGRAM X XXX
THE PROGRAM SHALL:
RECOGNIZE THE QUALITY ASPECTS OF THE CONTRACT X XXX
ENSURE QUALITY REQUIREMENTS SATISFIED THRU ALL PHASES X XXX
ENSURE QUALITY ASPECTS INCLUDED IN ALL DESIGNS X XXX
ENSURE QUALITY ASPECTS CONTINUOUSLY MAINIAINED XXXX
PROVIDE FOR DETECTION OF DEFICIENCIES XXXX
PROVIDE REMEDIAL AND PREVENTIVE ACTION X XX X
1B2011 ORGANIZATION 12348
ASSIGMENTS SHALL BE MADE TO IMPLEMENT EACH ELEMENT X XXX
PERSONNEL SHALL ASSESS PROBLEMS AND EFFECT SOLUTIONS X XXX
EFFECTIVENESS SHALL BE MAINTAINED DURING ALL PHASES X XX X
ONE INDIVIDUAL SHALL BE RESPONSIBLE FOR THE PROGRAM X XXX
HE SHALL HAVE DIRECT ACCESS TO HIGHER MANAGEMENT X XX X
HE SHALL REPORT STATUS REGULARLY TO HIGHER MANAGEMENT X XX X
1B2012 QUALITY ELEMENTS 1234

QUALITY ORGANIZATION SHALL RETAIN THESE ELEMENTS:
ESTABLISH QUALITY POLICY AND DOCUMENT RESPONSIBILITY
ENSURE QA PROVISIONS AS MEMBER OF DESIGN CHANGE BOARD
ESTABLISH QUALITY LEVELS AND REQUIREMENTS
PREPARE INSPECTION PLANS AND CRITERIA
ASSURE QA ADEQUACY OF PROCESS SPECS, PROC DOCS ETC
PERFORM QUALITY AUDITS ( INTERNAL § EXTERNAL)
PARTICIPATE IN DISPOSITION OF NONCONFORMANCES
CLASSIFY PRODUCT PROPERTIES AS APPLICABLE
PERFORM INSPECTIONS & WITNESS TESTS
ASSIST TRAINING IN QA METHODS
ENFORCE RFMEDIAL AND PREVENTATIVE ACTION PROCEDURES
ASSURE QUALIFIED EMPLCYEES PERFORM ALL OPERATIONS
ENFORCE MATERIALS AND EQUIPMENT REQUIREMENTS
ENFORCE NONMETALLIC MATERIAL REQUIREMENTS
MAINTAIN QUALITY TREND DATA
ENFORCE CLEANLINESS REQUIREMENTS
ACCEPT/REJECT PRODUCT
WITNESS QUALIFICATION & ACCEPTANCE TESTS
ASSURE GFE CCNTROL
ASSURE ADEQUATE QUALITY REQUIREMENTS IN PROCUREMENTS
MANAGE SUPPLIER/SURCONTRATOR QUALITY ACTIVITIES

x

o
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182021

182022

182023

12024

1B203

1B204

ASSURE CUALITY CONTROL OF PACKAGING AND HANDLING
PARTICIPATE IN PROGRAM REVIEWS RE PRODUCT QUALITY
MONITOR CONTROL OF LIMITED LIFF ITEMS

MAINTAIN SUFPORT OF TURNAROUND & MAINTENANCE TASKS

TRAINING
THE CONTRACTOR SHALT, HAVE TRAINED ANC COMPETENT PERSONNEL
TRAINING SHALL BF DEVELCFED TO SATISFY QUALITY REQMTS
SUPERVISORS SHALL HAVE KNOWLEDGE OF SKILLS & PROCESSES
PROVIDE A LIST CF PROCESSES REONIRING TRAINING TO NASA
TRAINING & QUALIFICATION PLANS SHALL BE PREPARED
TRAINING ACTIVITIES SHALL BE DOCUMENTED AND PROVIDE FOR:
EXCFLLENCE OF WORKMANSHIP £ PERSONNEL SKILLS
CAPEFUL AND SAFE OPERATIONS
MAINTENANCE €& IMPROVEMENT OF ARTICLE & MATERIAL QUALITY
CERTIFICATION OF PEPRSCHNNEL
DEFINE PROCESSFS & OPNS REQUIRING CERTIFIED PERSONNEL
CERTIFICATIONS MAY BE REVIEWED BY THE NASA
CERTIFICATION SHALL BE BASED ON TRAINING & TESTING
PERGONNEL SHALI BE GIVFEN EVIDENCFE OF CERTIFICATION

RECFRTIFICATION OF PERSONNEL

RECERTIFICATION CF PERSCNNFL SHALI, BE REQUIRED WHEN:
UNSATISFACTCORY QUALITY OF ARTICLES/MATERIALS OBSERVED
PROFICTENCY REQUIFREMENTS ARE NOT MET
NEW TFCHNIQUES OR HARCWARE REQUIRE NEW SKILLS
WORK PERIOD IS INTERRUPTED

RECERTIFICATION KEQUIRFS RETESTING

RECERTIFICATION BASED ON CONTINUOUS DEMONSTRATED PERF.

RECORDS
RECOFDS SHALL PE MAINTAINED FOR:
TRAINING, TESTING AND CERTIFICATION STATUS OF PERSONNEL
TRAINING & TESTING STATUS OF PERSONNEL
PROCESSES RFQUIRING TRAINING

QUALITY INFORMATICN
PROCESSING OF QUALITY INFCRMATION SHALL BE PROVIDED
QUALITY INFORMATION SHALL BE SENT TO ALL CONCERNED AREAS
PREPARE TIME-PHASED LISTING OF PLANNED & EXPENDED MANHOURS
MAINTATN & (SE CUALITY CCST DATA AS A MGT. ELEMENT

QUALITY STATUS REPORTING

REPORT SHALL BF PRESENTED QUARTERLY PER DRD

REPORT CONTENTS AS FOLLCWS:
PRORL.EMS-MANAGEMENT § HAKDWARE
PERTINENT DATA-TRENDS
SCOPE-IN-HOUSE AND SUBCONTRACTOR CRIT 1
CHANGES IN QA BUSINESS SYSTEMS

REPORTS SHALL BE SUPPORTED BY MEETINGS
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182051

182052

182053

182061

182062

182063

QUALITY PROGRAM AULITS
AUDITS SHALL BE CONDUCTED OF QUALITY OPERATIONS
AUDITS SHALL BE PERFORMED BY AN INDEPENDENT GROUP
EACH AUDIT SHALL INCLUDE:
EXAMINATION OF ALL OPERATIONS
EXAMINATION OF ALL DOCUMENTATION
EVALUATION OF ACTUAL CPERATIONS
COMPARISON WITH ESTABLISHED REQUIREMENTS
RECOMMENDATIONS FOR REMEDIAL & PREVENTIVE ACTIONS
. FOLLOW UP TO ASSESS RESULTS OF RECOMMENDAT IONS
AUDITS SHALL INCLUDE EXAMINATION OF PRODUCT
AUDITS SHALL BE LIMITED TO PRODUCT AND RELATED DOCUMENTS
THE AUDIT PROGRAM WILL BE PRODUCT ORIENTED AND
CORRELATED TO THE DOCUMENTATION AND SYSTEMS WHICH
SUBSTANTIATE AND DEFINE THE FABRICATION, ASSEMBLY
AND TEST OPERATIONS.
REMEDIAL & PREVENTIVE ACTION MAY INCLUDE SYSTEMS

UNSCHEDULED AUDITS
RANDOM UNSCHEDULED AUDITS SHALL BE PERFORMED

AUDIT REPORTS

RESULTS OF AUDITS SHALL BE REPORTED TO HIGHER MGMT
MANAGEMENT SHALL ENSURE CORRECTION OF DEFECIENCES

QUALITY PROGRAM PLAN
A OPP SHALL BE PREPARED , MAINTAINED AND IMPLEMENTED
THE PLAN SHALL CDESCRIBE HOW QUALITY REOMTS ARE ASSURED
THE PLAN SHALL BE SUBMITTED AS REQUIRED BY DRD
THE PLAN SHALL FEADILY IDENTIFY EACH REQUIREMENT
THE PLAN SHALL BE UPDATED PERIODICALLY

QUALITY PROGRAM PLAN CONTENTS

THE CUALITY PROGRAM PLAN SHALL INCLUDE:
A DESCRIPTICN OF EACH IMPLEMENTING ORGANIZATION ELEMENT
STATEMENTS OF DUTIES, FUNCTIONS AND RESPONSIBILITIES
RELATIONSHIP OF EACH ELEMENT PERFORMING QUALITY TASKS
DESCRIPTION OF EXECUTION & MANAGEMENT OF EACH TASK
ORGANIZATION AND METHCDS FOR ACCOMPLISHMENT
REFERENCE TC APPLICABLE POLICIES AND PROCEDURES
LIST OF DOCUMENTS & OPERATIONS REQUIRING CHANGE
A PLAN FOR TINMPLEMENTING PROPOSED CHANGES
MFG & TEST FLOW CHARTS

COPIES OF REFERENCED POLICIES & PROCEDURES PROVIDED PER DRD

SITE PLANS
PLANS SHALL BE PREPARED FOR EACH SITF

SD 71-101
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DESIGN AND DEVELOPMENT CONTROLS

THE DESIGN AND DEVELOPMENT CCNTROL SECTION OF THE QUALITY PROGRAM PLAN WILL
DEFINE CONTROLS, REQUIREMENTS, AND VERIFICATIONS USED TO ENSURE PROPER
INCORPORATION OF ENGINEERING AND CUALITY REQUIREMENTS INTO THE SPACE SHUTTLE
PROGRAM, ADDITIONAL DEFINITION HAS EFEN MADE IN THE AREAS OF USE OF PRODUCT
PROPERTIES PROGRAM, PRODUCT CONFIGURATION AUDIT INSPECTION, INTERNAL & PROGRAM
MILESTONE DESIGN REVIEWS, AND PROGRAM ACCEPTANCE REVIEWS.

183001 TECHNICAL DOCUMENTAT ION
. ESTABLISH AND IMPLEMENT DESIGN CONTROL REQUIREMENTS
ENSURE COMPLIANCE WITH DESIGN CONTROL REQUIREMENTS
ESTABLISH AND ENSURE CCMPLIANCE TO QUALITY CRITERIA
DFVELOP TECHNICAL [COCUMENTS INCORPORATING:
CHARACTERISTICS AND DESIGN CRITERIA
CHARACTERISTIC TOLERANCES
IDENTIFICATION
CUALITY CRITERIA
REVIEW TECH DOCUMENTS FOR ALL WORK PHASES INCLUDING:
PROCUREMENT
FABRICATION AND ASSEMBLY
INSPECTION AND TEST OPERATIONS
TECHNICAL DOCUMENTS SHALL INCLUDE:
SPECIFICATIONS
PROCEDURES
DRAWINGS
FABRICATION AND PLANNING DOCUMENTS
PROCESS SHFETS
QUALITY SHALL REVIEW ALL QUALITY RELATED DOCUMENTS
QUALITY REVIFWS SHALL SUPPORT:
INTERNAL REVIEWS
PROGRAM MTLESTCNE REVIEWS
DEVFLOP A PRODUCT PROPERTIES CATEGORIZATION SYSTEM
A PRCGRAM SHALL BE DEVELOPED CATEGORIZ ING
CHARACTERISTICS WHICH REQUIRE MORE DEFINITIVE
CCNTROL THAN CHARACTERISTICS OF LESS SIGNIFICANCE.
CRITFRIA FOR IDENTIFYING AND DOCUMENTING SUCH
CHARACTERISTICS SHALL RE ESTABLISHED.
IDENTIFY PRODUCT PROPERTIES BRY CRITICALITY
PRODUCT PROPERTIES SYSTEM SHALL BE USED FOR:
CEVELOPING QUALITY INSPECTICN AND TEST PLANNING
DEVELOPING MANDATORY INSPECTION POINTS
CEVELOPING WORKMANSHIP AND QUALITY STANDARDS
DEVELOPING INSPECTICN PROCEDURES
DEVELOPING QUALITY CRITERIA
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183002 DOCUMENT REVIEW 1
CONDUCT QUALITY REVIEW OF TECHNICAL DOCUMENTS X

OUALITY REVIEW SHALL BE TIMELY AND SHALL INCLUDE:
REVIEW OF COCUMENT CHANGES X XX
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18301

1B3012

1Rr3013

1B30 14

MAINTENANCE OF RECCRDS OF REVIEWS

REPORTING LOCUMENT DEFICIENCIES

ASSURING DOCUMENT CORRECTION PRIOR TO RELEASE
PROVIDE QUALITY INFORMATION FROM REVIEWS FOR USE IN:

PROCUREMENT PLANNING

FABRICATION PLANNING

INSPECTION AND TEST PLANNING

QUALITY SUPPORT TO DESIGN REVIEWS ANLC PMR'S

QUALITY ASSURANCE SHALL PARTICIPATE IN DESIGN REVIEWS

QUALITY DESIGN REVIEW SHALL ENSURE:
PRODUCIRILITY OF DESIGN
INSPECTABILITY OF DESIGN
REPEATABILITY OF DESIGN
DESIGN OBTAINS RELATED QUALITY CONSIDERATIONS
TRACEABILITY REQUIREMENTS
INSPECTION AND TEST CRITERIA
CONFORMANCE AND/OR TOLERANCE LIMITS
CONTAMINATION CONTEROLS
LIMITED LIFE PROVISIONS

INTEGRATE QA CONSIDERATIONS INTO DESIGN REVIEWS

PROGRAM MILESTONE DESIGN REVIEW (PRR, PDR, CDR)
CUALITY ASSURANCE REVIEW SHALL ENSURE:

REPEATABILITY AND INSPECTABILITY OF DESIGN
STATE~OF-THE~ART INSPECTION CAPABILITIES
CONFORMANCE CRITERIA ESTABLISHED
INTERFRCE QUALITY CONTROLS AND DOCUMENTS
PROCESS SPECS AND QUALITY CONTROLS DEFINED
TEST SPEC AND TEST REQUIREMENTS ADEQUACY

PRODUCT CONFIGURATION AUDIT INSPECTION
PRODUCT CONFIGURATION AUDIT INSPECTION SHALL INCLUDE:

TEST RESULTS AND ANOMALIES AND ACTION TAKEN
FAILURE SUMMARY AND CORRECTIVE ACTION
OPEN ITEM STATUS
QUAL TEST UNIT VS END-ITEM CONFIG COMPARISON
QUAL AND ACCEPTANCE TEST PERFORMANCE VERIF
QUALITY RFLATED FAILURE/CORRECT ACTION SUMMARY
VERIF OF CONFORMANCE TO QUALITY PROGRAM REQMTS

PROGRAM ACCEPTANCE REVIEWS
QUALITY SUPPORT OF PROG ACCEPT REVIEWS SHALL ENSURE:

ACCEPTANCE DATA PACKAGE REQMTS ARE ESTABLISHED
REVIEW OF HARDWARE CONFIGURATION STATUS
IDENTIFY AND STATUS OF WAIVERS AND DEVIATIONS
CRITICAL LIFE COMPONENT STATUS
IDENTIF OF SHORTAGES AND OPEN WORK ITEMS
EVALUATION/VALIDATION OF FINAL TEST RESULTS
DEVELOPMENT OF FORM DD250
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1B302

VERIFICATION OF CONFORMANCE TO SHIPPING REQMTS
SUPPORT MANUALS/COCUMENTS ARE WITH END-ITEMS

CHANGE CONTROL

MAINTAIN A CHANGE CONTPCL SYSTEM TO:
DISTRIBUTE APPROVED LCCCUMENTS
REMOVY, OBSOLETE DOCUMENTS
INITIATE CHANGE REQUESTS
MAINTAIN AN INTFRFACE CCNTROL SYSTEM
INTEGRATE THIS SYSTEM WITH OTHER DOC CONTROL SYSTEMS
OA PARTICIPATE AS MENBEE OF CCB
OUAL ASSUR ESTAELISH A DCC CONTKOL SYSTEM TO:
DISTRIBUTE CUAL GENFRATED DOCUMENTS
REMOVE OBSOLETE QUAL COCUMENTS
QUAL ASSUR REVIEW ALL ENGINEFRING CHANGES
SPECTFY EFFECTIVITY POINT OF CHANGES ON DOCUMENTS
ASSURE CHANGES ARE ACCOMELISHED ANC MARXED ON PARTS
VERIFY ASSOCIATELC DOCUMENTS ARE REVISED
PROVIDE FOR INSPECTION/TEST OF CHANGED PARTS
QUALITY ASSURANCE SHALL VERIFY:
EFFECTIVITY POINTS ARE IDENTIFIED
CHANGES TO PARTS ARE ACCOMPLISHED
CHANGED PARTS ARE MARKED
ASSOCIATED DOCUMENTS ARE REVISED
PROVISIONS ARE INCLUDED FOR INSPECTION & TEST

SD 71-101
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IDENTIFICATICN AND DATA RETRIEVATL

THE IDENTIFICATION AND DATA RETRIEVAL SECTION OF THE QUALITY PROGRAM PLAN WILL
DEFINE CONTROLS AND METHOLS USED FOR HARDWARE AND DATA IDENTIFICATION THROUGHOUT
ALL LEVELS OF PROCUREMENT, FABRICATION AND TEST. THE IDENTIFICATION SYSTEM WILL
BE MAINTAINED IN CONJUNCTION WITH OTHER CONTRACTOR SYSTEMS TO ASSURE
COMPATIBILITY AND COMMON USE OF IDENTIFICATION NUMBERS AND PROCEDURES.

1B400 IDENTIFICATION AND DATA RETRIEVAL 1234
MAINTAIN AN IDENTIFICATION & DATA RETRIEVAL SYSTEM TO:
. PROVIDE ID TO WHICH OPERATING RECORDS ARE RELATED X
PROVIDE MEANS FOR LOCATING ARTICLES/MATERIALS X

THE QA ORGANIZATION SHALL ASSURE THAT THE SYSTEM:

IS IN ACCORDANCE WITH DATA MGMT REQUIREMENTS X X X
IDENTIFIES ARTICLES AND MATERIALS XX X
IDENTIFIES RECORDS TC HARDWARE PROCESSES XXX
LOCATES ARTICLES AND MATERIALS XXX

1B4O1Y IDENTIFICATION METHODS

IDENTIFY EACH ARTICLE AS REQUIRED BY SPEC X

THE QA ORGANIZATION SHALL ASSURE THE FOLLOWING:
IDENTIFICATION OF ARTICLE BY NO AND LOCATION
IDENTIFICATION BY DATE OF AGE SENSITIVE ITEMS
IDENTIFICATION OF GROUPS BY LOT NUMBERS
UNIQUE ITEMS IDENTIFIED BY SERIAL NUMBERS
NASA APPROVAL OF OTHER IDENTIFICATION

LR R R
L R ]
e 54 DS X X

1B402 DOCUMENTATION
SPECIFY IDENTIFICATION METHOD & LOCATION ON DRAWING/SPEC X

ASSURE IDENTIFICATION METHOD § LCCATION ON DRAWING/SPEC X X X
1B4N3  IDENTIFICATION CONTROL 1234
THE QA ORGANIZATION SHALL ASSURE THE FOLLOWING:
NUMBERS ARE ASSIGNED IN A CONSECUTIVE MANNER X X X X
RECORDS SHALL INDICATE PART NUMBERS AND IDENTIFICATION X X X X
PROVIDE CAPABILITY OF TRACING BACEKWARD TO MATERIAL X X X
PROVIDE CAPABILITY OF TRACING FORWARD TO LIKE ARTICLES X X X
NUMBERS ARE NOT REUSEL X XX X
ARTICLES IDENTIFIED 'NOT FOR FLIGHT USE' AS APPLICABLE X
1B404  IDENTIFICATION LIST 1234
THE CONTRACTOR SHALL ESTABLISH & MAINTAIN AN IDENT LIST X
THE QA ORGANIZATION SHALL ASSURE THE FOLLOWING:
AN IDENT LIST FOR CONTRACTOR & SUPPLIER ARTICLES X XXX
PART NO, TYPE OR INDIVIDUAL IDENTIFICATION X XXX
18405 RETRIEVAL OF RECORDS 1234

ASSURE RELATION OF RECORDS FROM PROCUREMENT THRU TEST TO:
ARTICLES & MATERIALS SPECIFIED IN IDENTIFICATION LIST X X
ENSURE LOCATION & RETRIEVAL OF ARTICLES OR MATERIALS X

SD 71-101



PROCUREMENT CONTUROL S

THUE PRPOCUREMENT CCNTROL SECTION OF THE QUALITY PROGRAM PLAN WILL DEFINE
CONTROLS USED IN SELECTION OF SUPPLIFRS AND METHODS USED TO ENSURE SUPPLIER
COMPLIANCE WITH TECHNICAIL AND PURCHASE DOCUMENT REQUIREMENTS.

18500 GENEPAT, 123

THFE CONTRACTOR SHALL INSURE ADEQUACY OF:

PUFCHASED PARTS, MATERIALS AND SFRVICES X
THE DUALITY ASSTRANCEF ORGANIZATION SHALL:

PARTICIPATE IN SFLECTION OF SOQURCES

REVIEW AND APPROVE APPROPRIATE PURCHASE ORDERS

PROVIDE TECHNICAL ASSISTANC®/TRAINING TO SUPPLIERS

FFVIEW AND APPROVFE SUPPLIFR QA SYSTEMS

PRPOVIDE RESIDENT/ITINERANT REPS

MONITOR SUBCONTFACTOR CUALTTY PERFORMANCE

ANDIT SUPPLIER QUALITY PEPFORMANCFE

TVALUATE SURCCNTRACTCR/SUPPLIER RESPONSES TO RFP

5K D¢ X XX > XX X
EE B

18501 SELSCTION OF PROCUREMENT SOURCFES 1
OUALITY ASSURANCE BASTS FOR SELECTION SHALL INCLUDE:

N
W

KFVIEW OF QUALITY HISTORY X XX
PEE AWARD SURVEYS X XX
ESTARLISH INGP REQMTS FOR ITEMS NOT UNDER NASA CONTRACT X

FSTAPLISH SELF VERIF. TROGRAM FOR SELECTED SUPPLIERS X X

SFLECTED SUPPLIFRS WILL R®F AUTHORIZFD TO DETERMINE
PEODUCT ACCEPTABILITY THROUGH DESIGNATED SUPPLIER
OA XEPRESFNTATIVES HAVING CONTEACTOR APPROVAL.

11502 PROCUPEMENT DOCUMFNTS 123
PFVIEW PRIOR TO RFLEASE TO ASSURE:
PLACEMENT WITH APPROVEL SQUERCES X X X
ADEQUACY OF QUALITY REQUIKEMENTS X X X
FOLLOWING QA RFECMTS APPLY AS APPLICABLE:

CHANGE APPROQVAL X X X
RAW MATERIAT TEST RESULTS X X X
AGE/LIMITED ILIFE CCNTROLS X X X
MATERTAL PRESFRVATION AND PACKAGING X X X
IDENTIFICATICN X X X
DATA RETRIFVAL REQUIREMENTS X X X
INSPECTION AND TEST RECUIREMENTS X X X
NONCONFORMING ARTTICLE CONTROL X XX
CONTRACTOR Q A COVERAGE X X X
GOVEPNMENT SCURCE INSPECTION X X X

EQUIPMENT RFCORDS:
DATA PACKAGE X X
PRESSURE VESSFET HISTORY X X
SUPPLIER LISTING CF CRTTICAIL PROCTSSFS X X
112507 CONTRACTOR QA PERSCNNEL AT SOQUECE 123
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18504

18505

18506

1R507

18508

SOURCE ASSIGNMENTS OPTIONAL EXCEPT WHEN:
REQUIRED BY PROCESS/END ITEM CONTROL
VERIFICATION TESTS ARE DESTRUCTIVE
ENVIFONMENT/TEST EQUIPMENT CANNOT BE DUPLICATED
PERFORMANCE NOT SATISFACTORY
QUALITY HISTORY INDICATES NEED
QUAL TEST TO BE PERFORMED BY SUPPLIER
HARDWARE IS TO BE SHIPPED DIRECT TO USING SITE
CRIT I ITEMS TESTED BY SUPPLIER

SOURCE PERSONNEL DUTIES TO BE DOCUMENTED

GOVERNMENT SOURCE INSPECTION

DETERMINATION MADE BY NASA
NOT IN LIEU OF CCNTRACTOR INSPECTION
POLICY TO BE DEVELOPED

RECEIVING INSPECTION SYSTEM

VERIFY INDICATICN OF INSFECTION ACCEPTANCE
IDENTIFY ARTICLES AS TO INSPECTION STATUS
VERIFY CHARACTERISTICS NCT SOURCE INSPECTED
PERIODIC DISASSEMBLY

VERIFY DATA

PROVIDE ADEQUATE EQUIPMENT AND INSTRUCTIONS
PROVIDE AGE CONTROL/LIMITED LIFE CONTROLS
VERIFY CHEMICAL/PHYSICAL TESTING

PRECLUDE QUALITY DEGRADATION DURING STORAGE
ASSURE CONTROL & PACKAGING ADEQUACY

RECORD INSPECTION STATUS

RECEIVING INSPECTION RECORDS

MAINTAIN RFCEIVING INSP./TEST RECORDS TO INCLUDE:
DATE OF RECEIPT
EXTENT OF INSPECTION/TEST
INSPECTION/TEST RESULTS
TYPE OF DATA RECEIVED
DISPOSITION OF RECEIVALS
TEST PROCEDURES USED

SUPPLIFR RATING SYSTEM

RECORD SOURCE/RECEIVING INSP. & TEST RESULTS
MAINTAIN A SUPPLIER RATING SYSTEM

UTILIZE RATING SYSTEM TC AID IN SOURCE SELECTION
DEVELOP QUALITATIVE/QUANTITATIVE DATA

POST AWARLC SURVEY OF SUPPLIER OPERATIONS

SCHEDULE AND CONDUCT POST AWARD SURVEYS
SCHEDULE AND CONDUCT PRODUCT ORIENTELD AUDITS
PRODUCT ORIENTED AUDITS SHALL BE CONLCUCTED AS

OPPOSED TO SURVEYS, BUT SHALL INCLUDE DOCUMENTATION

AND SYSTEM EVALUATION AS DIRECTLY RELATED TO THE
PROLCUCT.

E-11
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CCONDUCT DISASSEMBLY AUDITS AT SOURCE
CONDUCT PROCESS AUDITS AT SOURCE
AUNDIT SCHEDULES BASED ON:

CRITICALITY OF ITEM

KNOWN PROBLFMS

QUALITY HISTORY

SUPPLIER CAPABILITY

REMAINING PERIOD OF PERFORMANCE

DOCUMENT AUDRIT RESULTS

OBTAIN CORRRECTIVE ACTION

18509 COORDINATION OF TINSPFCTICN/TEST
ASSURF COMPATIBILITY
DETFRMINE NEED CF TRAINING

13510 NONCONFOPMANCE INFORMATION FEFRDBACK
PROVIDE FEEDBACK TO SUPPLIER
ASSURE EFFECTIVE REMEDIAL & PREVENTIVE ACTION
PROVIDE STATUS TC FIELD REPRESFENTATIVES
COORDINATE WITH GSI REPS

13511 COORIDINATION OF MFASURING/TEST EQUIPMENT

CORRFLATE INSPFCTION/TEST PROCELURES WITH SUPPLIER
A PROGRAM SHALL BE TIMFLEMENTED TO PROVIDE ASSURANCE
THAT CONTRACTOR/SUPPLIER TEST EQUIPMENT & PROCEDURES
ARE COMPATIRLE WITH RESPECT TO DETERMINING PRODUCT
ACCEPTABILITY.

CORRELATE TYPF OF TEST EQUIPMENT

VERPIFY USE OF SPECIFIED EQUIPMENT

ASSURE ADEQCUACY OF CALIPPATION/CERTIFICATION PROCEDURES

E-12
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TH FABRICATION CCNTRQL SECTION OF THE QUALITY PROGRAM PLAN WILL DEFINE CONTROLS

FABRICATTION CONTROLS

AND VERIFICATIONS USED TO ENSURE PRCPER INCOROPCRATION OF ENGINEERING AND
QUALITY REQUIREMENTS INTO THE SPACE SHUTTLE PROGRAM. ADDED DETAIL HAS BEFN

PROVIDED IN THE AREAS OF NDE AND CONTROL OF TEMPORARY INSTALLATIONS.

1B600

1B60 1

1B602

1B6031

186032

FABRICATICN CONTROLS
FABRICATION DOCUMENTS SHALIL INCLUDE OR REFERENCE:
IDENTIFICATION OF THE ARTICLE
. TOOLING AND ECUIPMENT TO BE USEL
CHAFACTERISTICS AND TOLERANCES
PROCESS CONTROLS
SPECIAL PROCESSING CONDITIONS
HORKMANSHIP STANDARDS
ASSURE THAT FABRRICATICN LOCS INCLUDE OR REFERENCE:
IDENTIFICATICN OF THE ARTICLE
TOOLING AND EQUIPMENT TO BE USED
CHARACTERISTICS AND TCLERANCES
PROCESS CONTROLS
SPECIAL PROCESSING CONDITIONS
WOPKMANSHIP STANDARDS
CLEANLINESS LEVELS
INSPECTION & TEST OPERATIONS TO BE PERFORMED
REQMTS FOR SPECIAL HANCLING & PROTFCTIVE DEVICES

ARTICLE AND MATERIAL CONTROLS
VERIFY ONLY CONFCRMING MATERIAL OR ARTICLE RELEASED
MAINTATN RECORCS ON AGF CR USE SENSITIVFE ITFEMS
VERIFY ADHERANCE TO ENVIRONMENTAL CONSTRAINTS
VERIFY ADHFRANCE TO CONTAMINATION CONTROLS

CLEANLINESS AND CONTAMINATICN CONTOLS
CLEAN IN ACCORLANCE WITH APPLICARBRLE DOCUMENTS
MAINTAIN CLEANLINESS LEVEL
DOCUMENT MFTHODS AND PROCEDURES

PROCESS CONTROLS
TEST PROCESSING MATERIALS PERIODICALLY
TEST SAMPLE COUPCNS FOR FHYSICAL PROPERTIES
TEST HARDWARE FOR PROCESS ACCEPTABILITY
IMPLEMFENT CONTROLS FOR NON~INSPECTABLE PROCESSES

NDE SYSTEM
USE NDE METHODS TO ENSURE QUALITY LEVELS
PERSONNEL ARE ACEQUATELY TRAINED
PROCESSES HAVE BEFN CERTIFIED
FACILITIES & EQUIPMENT PROPERLY INSTALLED & MAINTAINED
MAINTAIN RECORLS OF NDT ACTIVITY
ADEQUATE COORDINATION WITH ENGINEERING

E-13
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136033

186034

15604

1R6051

186052

1B6053

186054

1R6055

DOCUMENT METHODS AND PROCEDURES

PROCESS CCNTROL PROCFDURES

ASSURE PROCESS PROCFDURES SHALL INCLUDE OR REFERENCFE:
PERFORMANCF AND CONTRCI PROVISIONS
PREPARATION OF PROCESSING EQUIPMENT
PREPARATION CF MATERIR2LS
PROCFSSTNG OPERATIONS CONDITIONS TO BE MAINTAINED
METHCDS OF VERIFYING FROCESS PARAMETERS
DOCUMENTATION OF RESULTS
TEST AND INSPECTION PLANNING FEQUIREMENTS

PROVIDF PROCEDURES ON RFCUEST TO NASA

PROVIDE NECESSARY PROCEDURES TO SUBS

EOUIPMENT CFRTIFICATION
CERTIFY EQUIPMENT FOR SFLECTED PROCESSES
MAINTAIN RECORLS OF CERTIFICATION
RFCERTIFY WHEN REQUIRED EY:
QA AUDIT
INSPECTION OR TEST
EQUIPMENT CHANGES

WORKMANSHIP STANDARLCS
WORKMANSHIP STANCARDS CONTRACTOR/NASA SELECTED
WORKMANSHIP STANCARDS CONTPACTOR SELECTED
WORKMANSHIP STAMLCARDS IN SPECS

CONTROI, OF TEMPORARY INSTALLIATIONS
DISTINCTIVELY IDFNTIFY TEMPOPARY ARTICLES
MAINTAIN RECORLCS THRU LIFE OF END ITEM
MAINTAIN RECORDS THRU DELIVERY

MONITORING TEMPOPARY INSTALIATIONS
ASSURE NOT ASSEMBLED BY PEFMANENT MEANS
ASSURE SECURE ICENTIFICATION

NONFUNCTIONAL TFEMPCRARY INSTALLATIONS
AGSURE EQUIPMENT ADECUATELY PROTECTED
CONTROL REMOVAL CF PROTECTIVE DEVICFS
COLOR CODE AS NEFDED
TIDENTIFY IN OTHER DOCTIMENTS

WNON-APPLICATION WORTHY COMPONENTS
IDENTIFY AS NCT USABLE FCR INTENLFLC PURPOSE
ASSURE FOUONCTTIONAL TESTS NOT INVALILCATED

RFMOVAL OF USABLE ARTICLES

DOCUMENT ARTICLES REMCVEL
PRECLULFE CONTAMINATION AND DAMAGE
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INSPECTIOCNS AND TESTS

THE CONTRACTOR SHALL PLAN AND CONDUCT AN INSPECTION AND TEST PROGRAM WHICH
DEMONSTRATES THAT CONTRACT, DRAWING , AND SPECIFICATION REQUIREMENTS ARE MET.
THE PROGRAM AND ITS APPLICATION TO ALL PHASES OF THE CONTRACT SHALL PROVIDE
ASSUURANCE THAT THE QUALITY INHERENT IN THE DESIGN HAS BEEN ACHIEVED. ,
SHUTTLE ORIENTED CHANGES HAVE BEEN ADDED IN THE QUALIFICATION TESTING,
WALK-THRU/SHAKEDOWN INSPECTION AND TURNAROUND AND MAINTENANCE INSPECTION AREAS.

1B701 INSPECTION ANLC TEST PLANNING A 123y

THE CONTRACTOR SHALL PROVIDE A PLANNING FUNCTION TO ACCOMPLISH:
OFDERLY AND TIFMELY INSPECTION ANC TEST ING

X
SEQUENCING OF INSPECTION & TESTING X
EFFECTIVE USE OF EQUIPMENT X
AVAILABILITY OF INSPECTION AND TEST EQUIPMENT X
COORDINATICN OF NASA INSPECTIONS AND TESTS X
THE QUALITY ORGANIZATION SHALL ASSURE:
ORDERLY AND TIMELY INSPECTION XX X
SEQUENCING OF INSPECTION FOR MINIMUM TESTING X X X
AVAITABILITY CF INSPECTION EQUIPMENT X X X
COOFDINATION OF NASA INSPECTIONS X X X
USE OF PRODUCT PROPFRTIES PROGRAM X X
IDENTIFICATION OF SPECIAL CONTROLS AND EQUIPMENT X X X
ACCURACY CF PRODUCTICKN FIXTURES USED FOR INSPECTION X X
1B702 TEST SPECIFICATIONS 1234
ASSURE TEST SPECIFICATIONS INCLUDE AS APPLICABLE:
TEST ITEM NCMENCLATURE AND ICDENTIFICATION X XX X
TEST OBJECTIVES X X X X
QUANTITY TO PE TESTED X X X X
RELIABILITY GOAL X
TEST PARAMETERS AND TOLERANCES X X X X
ACCEPTANCE AND REJECTICN CRITERIA X X X
ENVIRONMENTAL CONDITIONS X X X X
HAZARDOUS SITUATIONS X
SAFETY STANDARDS X
ALLCWABLF ADJUSTMENTS X X X X
RFPAIR, REWORK OR MAINTENANCE OPERATIONS X X X X
REQUIREMENTS FCR DATA RECORDING/ANALYSIS/RETEST X X X X
DISPOSITION OF TEST ARTICLE X X X X
NDE TESTING REQUIREMENTS X X X
18703 INSPECTION AND TEST PROCEDURES 12314
PROCFDURES SHALL INCLUDF AS APPLICABLE:
TEST ITEM NOMENCLATURE AND IDENTIFICATION X X X X
CHARATERISTICS AND TOLERANCES TO BE INSPECTED X XX X
GOVERNMENT INSPECTION REQUIREMENTS X XX X
DETAILEC INSPECTION SEQUENCE X X X
CHARACTERISTICS AND MEASURING EQUIPMENT TO BE USED X X XX
OPERATION OF AUTOMATEL TEST EQUIPMENT X XX X

E-15
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TEST EQUIPMENT SETUP

HAZARDOUS SITUATIONS

ESTARLISHED SAFETY REQUIREMENTS
ENVIRONMENTAL CONDITICONS TO BE MAINTAINED
WORKMANSHIP STANDAKRDS

CONSTRAINTS ON INSPECTION ANT TESTING
SPECTAL INSTRUCTIONS FOR NONCONFORMANCES
SAMPLING PLANS TO B¥ USED

NDF REQUIREMENTS

1R704 END ITEM INSPECTION AND TEST SPECIFICATIONS AND PROCEDURES
PREPARE ENLC-ITFM INSPFCTICN PROCEDURES
TESTS SHALL SIMULATE END~USE WITHOUT DAMAGE
ASSURE END-ITEM IS CAPARBLE OF MEETING CONTRACT ROMTS

tR7051 INSPECTIONS AND TEST PERFORMANCE
INSPECTTON AND TESTS SHALL BE:
PERFCRMED PRICF TO INSTALLATION IN NEXT LEVEL
TRACEABLE TC THE INDIVIDUAL
CONTROL OF ARTICLES
ARTICLES SHALL BE INSPFCTED TO APPLICABLE DOCUMENTS
ARTICLES SHAIL NOT BE ADJUSTED EXCEPT AS SPECIFIED
CONTROI, OF INSPECTION ANC TEST ENVIRONMENTS AND EQUIPMENT
ENVIRONMENTS SHALL BE CONTROLLEL
FQUTPMFENT SHALI. BE MAINTAINED AND CALIBRATED
REINGPFCTION AND KETEST MAY BE REQUIRED WHENEVER:
ARTICLE DOES NOT MEET CONTRACT REQUIREMENTS
INSPECTION ANL TEST NCT TO SPECIFICATION
FOQUIPMENT MALFUNCTION OCCURS
ARTICLE MCDIFIED AFTFR START OF TEST
ARTTCLE SUBJECT TO DRIFT OR DEGRADATION
SPECIFIED BY MATERIAL REVIEW ROARD

127052 QUALIFICATION TEST ARTICLES

TEST ARTICLES SHALL BY CONTROLLED TO 137051 AND SHALL BE:
RANDCMLY SELECTED ANC REPRESENTATIVELY TESTED
UNIQUELY ICENTIFIFD
REPRESINTATIVE OF FLIGHT ARTICLE
NOT USEC FOR FLIGHT

VERIFY FOLIOWING RFCORDS AND PROCEDURES AVAILABLE:
MANUFACTURING AND INSPECTION RECORDS
END-ITEM INSEFCTION AND TEST SPECIFICATIONS
AUTHORIZED CFVIATIONS
NONCCNFORMANCFS
APPROVEC WATIVERS
REMOVAT, AND INSTALLATION RECORDS
OPERATING TIME RECORCS
CHANGE VERIFICATION RECORDS
SAFETY PROCEDUFES
EMERGENCY SHUTDOWN PROCEDURES
EWCRK AND RETEST CPITEFRIA
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PROCEDURES FOR SPECIAL MEASURING DEVICES

1R7053 REQUALIFICATION TESTING
PROVIDE THE NASA WITH REQUALIFICATION DECISION DATA
SPECIFY NEED/EXTENT REQUAIIFICATION NECSSARY
OBTAIN NASA APPROVAL PRICR TO REQUALIFICATION TESTING
DEFINE WHEN REQUALIFICATION NECESSARY

1B7054 QUALIFICATION BASED ON SIMILARITY
SIMILARITY BETWEEN ARTICIES MUST BE ESTABLISHED
TEST LEVELS AT LEAST AS STRINGENT AS QUALIFICATION
TEST DATA SHALL BE SUBMITTED TO THE NASA

1B7055 END-ITEM INSPECTIONS AND TESTS
PERFORM INSPECTIONS AND TESTS ON END-ITEM
CLOSE OUT NONCCNFORMANCES BEFORE TESTING
EVALUATE NONCONFORMANCES BEFORE TESTING
NONCONFORMANCE DURING ANLC AFTEP TESTING SHALL BE CLOSED
INSPECTTONS AND TESTS SHALL BE IN ACCORDANCE WITH SPECS
REPORT TO THE NASA ANY UNUSUAL PHENOMENA
STOP TESTING WHEN SAFETY OF PERSONNEL IN JEOPARDY

1B7056 END-ITEM REINSPECTION AND RETEST
ADJUSTMENTS AFTER I&T REQUIRE NASA APPROVAL
CONTRACTOR SHALL RECOMMEND ADDITIONAL I&T
ADJUSTMENTS MUST HAVE APPROPRIATE PLANNING

1B7057 END~-TTEM INSPECTION AND TEST REPORT
SUMMARY TEST REPORT FOR FACH END-ITEM SHALL INCLUDE:

END-ITEM IDENTIFICATICN
IDENTIFICATION OF ARTICLES REMOVED OR REPLACFD
COPIES OF APPROVED RECUESTS FOR NONCONFORMANCES
LIST OF AUTHORIZED TESTS OR RETESTS NOT COMPLETED
SUMMARY OF TEST DATA AND RESULTS )
LIST OF CRITICAL AND LIMITED LIFE ARTICLES
OPERATING TIME/CYCLE RECORDS

1B7061 INSPECTION AND TEST RECORDS AND DATA
MAINTAIN RECORDS AND DATA OF INSPECTIONS AND TESTS

1B7062 EQUIPMENT RECORDS

MAINTAIN HISTORY OF EACH SYSTEM/SUBSYSTEM WHICH CONTAINS:
CONFIGURATION DATA
FABRICATION ANLC ASSEMBLY HISTORY
INSPECTION AND TEST RECORDS
NONCONFORMANCE SUMMARY
OPERATING TIME/CYCLE RECORDS
MAY NTENANCE RECORDS

SUBSYSTEM RECORDS SHALL BE COMBINED INTO SYSTEM RECORDS

1B7063 ACCEPTANCE DATA PACRAGE

E-17
SD 71-101

] b el ) P )

P PC 26 P DC D¢ DG - K - M6 D X G X - XX -
5 O DG ¢ > X X

R T
XXX XXX

>N

e I SEE N R
MW XXM

~N

>N
>

N

N

> w

bl B T w

W

w

[N}

o » &

>



187071

127072

17073

13708

1B709

ASSURE ACCUMULATION OF ACCEPTANCE DATA PACKAGE
TABLE OF CONTENTS
WAIVERS AND CEVIATIONS
TIME/CYCLE LIST
AGE SENSITIVE COMPONENTS LIST
SHIPPING DOCUMENTS
OPFN WORK ITEMS
UNACCOMPLISHED TESTS
SHORTAGES

CONTRACTOR QUALITY ASSURANCE ACTIONS, PRIOR TO TESTING
PRIOR TO TESTING QUALITY ASSURANCE PERSONNEL SHALL:
VERIFY INSPECTION AND TEST DOCUMENTS AVAILABLE

ENSURE SELECTION AND CONTROL OF ARTICLES
VERIFY THAT ARTICLES HAVE BEEN IDENTIFIED
VERIFY CONFIGURATION OF THE ARTICLES

VERIFY CONFIGURATION CF THE GSE

VERIFY THAT TEST EQUIPMENT IS CALIBRATED
VERIFY OPEN ITEMS AND CONSTRAINTS RESOLVED
VERIFY THAT FACILITY READY FOR TEST

VERIFY TEST PROCEDURES/SPECIFICATIONS APPROVED
APPROVE START OF TESTING

CONTRACTOR QUALITY ASSURANCE ACTIONS, DURING TESTING
DURING TEST QUALITY ASSURANCE PERSONNEL SHALL:
ENSURE TESTING IN ACCCRDANCE WITH SPECS AND PROCEDURES
ENSURE RECORCING OF DATA AND TEST RESULTS
DOCUMENT MODIFICATION DURING TFST OPERATION
DOCUMENT/PARTICIPATE IN NONCONFORMANCE DISPOSITION

CONTRACTOR QUALITY ASSURANCE ACTIONS, SUBSEQUENT TO TESTING
SUBSECUENT TO TEST QUALITY PERSONKNEL SHALL:
ENSURE PROPER DISPOSITION OF ARTICLES
DOCUMENT/PARTICIPATE IN NONCONFORMANCE DISPOSITION
ENSURE REMECIAL AND PREVENTATIVE ACTIONS TAKEN
VERIFY TEST RESULTS ACCURATE AND TRACEABLE

WALK-THRU/SHAKEDOWN INSPECTICNS
CONDUCT SCHEDULED WALK-THRU/SHAKEDOWN INSPECTIONS
ALLOW NASA PARTICIPATION IN THE INSPECTIONS
ISSUE A REPORT ON EACH INSPECTION
MAINTAIN REPORTS AVAILABLE FOR THE NASA REVIEW

TURNAROUND AND MAINTENANCE INSPECTIONS

QA SHALL TAKE PART IN MAINTENANCE INSPECTIONS

THESE ACTIVITIES SHALL:
INCLUDE INSPECTION ANLC TEST PLANNING
ENSURE MAINTENANCE PROCEDURES PREPARED AND AVAILABLE
ENSURE COMPLIANCE WITH PROCEDURES AND SPECIFICATIONS
ENSURE RECORDS OF ALL INSPECTIONS AND TESTS
ENSURE ACCEPTANCE CRITERIA DEFINITIVE
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PERFORM WALK-THRU/SHAKEDOWN INSPECTIONS
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NONCONFORMING ARTICLE AND MATERIAL CONTROL

THE NONCONFORMANCE REPORTING SYSTEM FOR MATFRIAL AND ARTICLE CONTROL WILL

UTILIZE THE BASIC METHODS PRESENTLY EMPLOYED ON THE APOLLO CSM PROGRAM. THIS
SYSTEM, SURNAMED THE "DISPCSITION RECORD" SYSTEM (DR/DRSS/CAR) PROVIDES THREE
FUNDAMENTAL ADVANTAGES FOR THE SPACE SHUTTLE PROGRAM 1< AN ASSURANCE THAT POSI-
TIVE CORRECTIVE ACTION IS FFFECTED 2< TRACEABILITY OF A NONCONFORMANCE FROM
INITIATION OF DOCUMENTATION, ANY MR ACTION AND SUBSEQUENT PREVENTIVE ACTION BY
ONE BASIC DOCUMENT NUMBFR 2AND, 3< DIFFERENTIATION BETWEEN SIGNIFICANT
NONCONFORMANCES AND THOSE WHICH ARE TRADITIONALLY LESS SIGNIFICANT FOR

PURPOSES OF REMEDIAL AND PREVENTIVE ACTION,

18800 NONCONFORMING (NC) ARTICLE AND MATERIAL CONTROL 1234
IDENTIFY NONCCNFCRMING MATERIAL X XXX
SEGREGATE NONCCNFCRMING MATERIAL X XXX
128011 NONCONFORMANCFE DOCUMENTATION 12345
ESTABLISH A DOCUMENTATION SYSTEM TO:
RECORD NONCCNFORMANCES X XXX
REPCRT NONCONFORMANCES X X XX
ANALYZE NONCONFORMANCES X XX X
CORRECT NONCCNFORMANCES X X X X
MAINTAIN RECORDS CF NONCCNFORMANCES X XX X
MAINTAIN RECORDS OF MRB ACTIONS X X X X
PREPARE FAILURE AND NONCCNFORMANCE SUMMARY REPORTS X X
ESTABLISH A SYSTEM FOR HANDLING MINOR NONCONFORMANCES X X X

1R8012 NONCONFORMANCE CCNTROQOIL SYSTEM

ESTABLISH MAJOR SITE PREVENTIVE ACTION CENTERS X X
ESTABLISH & IMPLEMENT A FROGRAM ACTION CENTER X X
188013 POST-FLIGHT NONCONFCRMANCE COCUMENTATION 1234
ESTABLISH AND IMPLEMENT A PPEVENTIVE ACTION SYSTEM X
1B802 REMEDIAL AND PREVENTIVE ACTION 1234
CONDUCT ANALYSIS AND EXAMINATION OF NC APTICLES X X X X
IMPLEMENT TIMFLY & FFFECTIVE REMFDIAL ACTION X XX X
IMPLEMENT TIMELY & EFFECTIVE PREVENTIVE ACTION X X X
FOLLOW-UP TO ENSURE ACCOMPLISHMENT X X X
NOTIFY CONTRACTOR/SUPPLIER ORGANIZATIONAL ELEMENTS X XX
CLASSIFY NC'S FCR CRITICALITY X X
DOCUMENT ANALYSES, REMEDIAL AND PREVENTIVE ACTION X X X
NOTIFY NASA OF NC'S AND ACTIONS TAKEN X X X
18803 INITIAL REVIEW DISPCSITIONS 1234
CONDUCT INITIAL REVIEW OF NC ARTICLES AND MATERIALS X X X X
OBTAIN SUPPLIER REMEDIAL AND PREVENTATIVE ACTION X X X
MAINTAIN ACCOUNTING OF SCRAPPED ARTICLES X X
13804 MATERIAL REVIEW BOARD 1234
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DEFINE MRB MEMBERSHIP £ SCOPE OF APPLICABILITY
IMPLEMENT OPERATING BOARD CONCEPT
ESTABLISH CRITERIA FCR FULL MRB RESPONS.
OPERATING AND FULL MRE ARE RESPONSIBLE TO:
DETFRMINE OR RECOMMEND DISPOSITION
DOCUMENT REMEDIAL ACTION PRIOR TO DISP.
DOCUMENT REMEDIAL ACTION
VERIFY IMPLEMENTATION
RECCOMMEND PREVENTIVE ACTION/ASSESSMENT
AN OPFRATING MRB CCMPRISED OF QA AND
ENGINEERING PERSONNEL WILL BE ESTABLISHED
TO DISPOSITION THOSE NONCONFCRMANCES FOR
WHICH CRITERIA HAS BEEN MUTUALLY ESTABLISHED.

18805 WRITTEN REQUESTS FOR NASA CONTRACTING OFFICIER APPROVAL
PREPARE REQUESTS FOR WAIVFRS AND DEVIATIONS
WITHHOLL ARTICLES/MTLS PENDING CUSTOMER APPROVAL
18806 SUPPLIER MATERIAL REVIEW BOARD

ESTABLISH SUPPLIER MRP RFSPONSIRILITY
OBTAIN NASA APPROVAL FOR DELEGATION
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18900

1R90 1

1R902

1B9N3

1904

1Rr905

METROLOGY CONTROL S

THE METROLOGY CCNTROLS SECTION OF THE QUALITY CONTROL PLAN
WILL DEFINE METHODS AND PROCEDURES THAT WILL ENSURE CONTROL
OF SPACE SHUTTLE PROGRAM MEASTUREMENT PROCESSES TO PROVIDE
OBJECTIVE EVICENCE OF QUALITY CONFORMANCE.

GENERAL
PROVIDE A DOCUMENTED METRCLOGY SYSTFM
PROVIDE MEASUREMENT STANDARDS & EQUIP SELECTION CONTROL
PERFORM MEASUREMENTS TO ESTABLISHED WRITTEN PROCEDURES

KX DG =

ACCEPTANCE

ENSURE MEAS STANDARDS § EQUIPMENT CONFORM TO REQUIREMENTS
DOCUMENT RESULTS AND MAINTAIN RECCRDS

X D¢ -
xX XN
X X W

EVALUATION 1
EVALUATE SPECIAL MEAS STDS & EQUIPMENT TO VERIFY
MEASUREMENT OF DESIRED CHARACTERISTICS AND ACCHRACY
PROVIDE DESIRED INDICATIONS & RECORDS
ASSURE COMPATIRILITY WITH HARDWARE & ENVIRONMENT
PROVIDE OPERATING INSTRUCTIONS
DOCUMENT RESULTS OF FVALUATION

2 X X XX
x X X X X
XX XX
E

APTICLE OR MATFRIAL MEFASUREMENT PROCESSFS
ASSURE 10:1 RATIO OF ACCURACY
OBTAIN AUTHORIZATION FOR EXCEPTIONS

2 X -

CALIBRATTION MEASUREMENT PROCESSES 1
ASSURE 4:1 RATIO OF ACCURACY
OBTAIN AUTHORIZATICN FOR EXCEPTICNS

E ]

CALIBRATION CONTROLS
PROVIDE FACILITY FOR CALIFRATION OF STDS & EQUIPMENT
ASSURE TRACEBILITY TC NBS
PROVIDE HANCLING, STORAGE & TRANSPORTATION CONTROLS
IDENTIFICATION ANLC IABELI ING:
WILL DISPLAY CALTBRATION STATUS AND DUE DATES
WILL BE TAMPER PROOF
OPFRATE A CALIBRATION INTERVAL ACJUSTMENT PROGRAM
PROVIDE A CALIBRATION RFCALL SYSTEM
IDENTIFICATION OF ITEM CALIBRATED
CALIBRATION RECOPNS SHALL INCLUDE:
IDENTIFICATION OF STD AND PROCEDURF
CALTBRATION INTERVAL LENGTH
DATE & RESULTS OF CALIERATION
NEXT CALIBRATION DUE DATF
INDIVIDUAL(S) PERFORMING CALIBFATION
CALIBRATION FACILITY ICENTIFICATION
NONCONFORMMANCE AS RFECEIVED

K X X > XK XK -
E -
KX XXX
>xX X X X X

XX XXX XX
X DX X X x X
XX X X K X X
X X XXX XX
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1B906

1B907

HISTORICAL RECCRD OF CALIBRATIONS, REPAIRS & MAINTENANCE

ENVIRONMENTAL REQUIREMENTS
PROVIDE ENVIRONMENT COMPATIBLE WITH MEAS & CALIB REQMTS

REMEDIAL AND PREVENTIVE ACTION
INITIATE CALIBRATION NONCONFORMANCE REPORT
PROVIDE FOLLOW-UP AND PROLUCT DISPOSITION
PROVIDE PREVENTIVE ACTION TO PRECLUDE RECURRENCE
TAG NONCONFORMING EQUIP TO PREVENT USAGE
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STAMP CONTROLS

A STAMP CCNTROL PROGRAM SHALL BE ESTABLISHED AND MAINTAINED WHICH WILL INDICATE
THAT A PART, ASSEMBLY OR ITEM PHYSTCALLY AND FUNCTIONALLY DOES OR DOES NOT
COMPLY WITH THF APPLICABLE SPECIFICATIONS, DRAWINGS OR OTHER DOCUMENTATION
SPFCIFYING PART CONFIGURATION, PERFCRMANCE AND QUALITY.

1B1000 STAMP CONTROL SYSTEM 1234
ESTABRLISH AND MAINTAIN A DOCUMENTED STAMP CONTROL SYSTEM X XXX
THE SYSTEM SHAII FROVIDE FOR THE FOLLOWING:
. IDENTIFICATION OF INSPECTED AND TEASTED ARTICLES X X X X
STAMPS SHALIL BE TRACEABLE TO THE INDIVIDUAL X XXX
FAB AND INSPECTION STAMPSSHALL BE DIFFERENT X X X X
STAMPS SHALL BE APPLIED TO RECORDS TO INDICATE STATUS XX XX
STAMPS SHALL EBE APPLIED TO ATTACHMENTS AS APPROPRIATE X XXX
STAMPS MAY BF APPLIED DIRECTLY TO ARTICLES X X X X
STAMPING METBODS MUST BE COMPATIBLE WITH ARTICLES X X X X
REISSUE AND REPLACEMENT OF STAMPS
UNIQUE IDENTIFICATION MARKS FOR DIFFERENT OPERATIONS XXX
PUBLISH A QUARTERLY LIST OF CURRENT STAMPS XX X
VERIFICATION OF STAMP LEGIBILITY X X X
181001 STAMP PESTRICTION 1234
STAMPS SHALL NCT CONTAIN THE DESIGNATION *NASA' X X X X
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HANDLING STORAGE PRESERVATION MARKING LABELLING PACKAGING PACKING SHIPPI NG

THE QUALITY ASSURANCE FUNCTION SHALL ASSURE THAT PRODUCT HAS BEEN CLEANED,
PRESERVED, PACKAGED AND MARKED IN ACCORDANCE WITH REQUIREMENTS; VERIFY THAT
DOCUMENTATION FOR CELIVERY IS IN ACCORDANCE WITH SHIPPING INSTRUCTIONS ;

AND VERIFY THAT HANDLED AND STORED SO AS TO PROTECT AGAINST DETERIORATION
AND DAMAGE,

2B11001 HANDLING

123
ARTICLES SHALL BE PROTECTED DURING ALL PHASES X X X
SPECIAL HANCLING INSTRUCTIONS SHALL BE DISTRIBUTED X X X
HANDLING ECUIPMENT SHALL BE PROOF TESTED X X X
1B11002 STORAGE 123
ARTICLES TO BE STORED SHALL BE PROTECTED X X X
AGE DETERTORATION DATA SHALL BE INCLUDED ON CONTAINER X X X
ENSURE THE FOLLCWING:
SAFETY OF PERSONNEL X X X
MAI NTAINANCE X X X
POSITIVE IDENTIFICATION X X X
PERIODIC INSPECTION X X X
PERIODIC TEST X X X
MAINTAINED CIEANLINESS X X
1811011 PRESERVATION 123
ARTICLES SHALL PE CLEANED AND PRESERVED X X X
1B11012 MARKING ANC LABFLLING 123
ENSURE MARKING AND LABFLLING PER REQUIREMENTS X X X
CRITICAL ARTICLES SHALL HAVE SPECIAL ATTENTION X X X
ASSURE SPECIAL IABELLING OF CLEANED ARTICLES X X
1B11013 PACKAGING 123
ARTICLES SHALL BE PACKAGED TO PREVENT DETERIORATION X X X
PACKAGING RQMTS APPLY TC SOURCE, MOVE AND DESTINATION X X X
ENVIRONMENTAL RQMTS SHALL BE INCLUDED X X X
ASSURE DESIGN OF SPECIAL PACKAGING AS REQUIRED X X X
PROVIDE SUITABLE PACKING TO PREVENT PHYSICAL DAMAGE X X X
TESTS OF PACKING SHALL BFE PERFORMED AS NECESSARY X X X
1B11014 PACKING 123
ASSURE SUITABLE PACKAGING TO PREVENT PHYSICAL DAMAGE X X X
TESTS OF PACKING SHALL BE PERFORMED AS NECESSARY X X X
1B11021 SHIPPING CONTRCL 123
THE CONTRACTOR SHALL FNSURE THAT:
INSPECTION AND TESTING REQUIRED HAS BEEN COMPLETED X X X
DOCUMENTS HAVE BEEN IDENTIFIED TO INSPECTION STATUS X X X
PRESERVATIOM AND PACKAGING PER RQMTS X X X
IDENTIFICATION AND MARKING PER SPECIFICATIONS X X X
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ICC REGULATICN FOR PACKING AND MARKING AS MINIMUM
HANCLING DEVICES ARE SUITABLE TO PREVENT DAMAGE
LOADING AND TRANSPORT METHODS PER RQMTS

UNSCHEDULED REMOVAL REQUIRES NASA AUTHORIZED REINSPECTION

1311022 DOCUMENTATION PACKAGE
DOCUMENTATION PACKAGE SHALL BE INCLUDED WITH SHIPMENT
CONTENTS SHALL BE DOCUMENTS SPECIFIEC BY CONTRACT
SHIPPING CONTAINER SHALL IDENTIFY PACKAGE LOCATION

'SAMPLING PLANS, STATISTICAL PLANNING AND ANALYSIS

131200 SAMPLING PLANS
SAMPLING PLANS MAY BE USED AS APLLICABLE
EXISTING MILITARY SAMPLING SPECS WILL BE UTILIZED
NON-STD SAMPLING PLANS MAY BE UTILIZED
NON-STD SAMPLING PLANS REQUIRE NASA APPROVAL PER DRD

1R1201 STATISTICAL PLANNING AND ANALYSIS
STATISTICAL METHODS MAY BE USED AS APPLICABLE
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GOVERN¥ENT PROPERTY CONTROL

i1B1300 CONTRACTOR'S RESPOSIRILITY 1
THE CONTRACTOR SHALL BE RESPONSIBLE FOR ALL GOVT PROPERTY X

THE QA ORGANIZATION SHALL BE RESPONSIBLE TO:
EXAMINE TO DETECT TRANSIT DAMAGE
VERIFY CONTENTS PER SHIPPING DOCUMENTS
ASSTIRE PROTECTION AGAINST DAMAGE & DETERIORATION
ASSURE MAINTENANCE OF FOLLOWING RECORDS:

IDENTIFICATION OF PROPERTY

. RESULTS CF INSPECTIONS
FUNCTIONAL TEST PER CCNTRACT RQMTS PRIOR TO USE

1B1301 UNSUITABLE GOVERNMENT PROPERTY

THE CONTRACTOR SHALL REPCRT UNSUITABLE GOVT PROPERTY
QA SHALL ASSURE REPORTING OF UNSUITABRLE GOVT PROPETY

END OF DOCUMENT
(ATS7360 41005010003:6)
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SYSTEM SAFETY REQUIREMENTS
FOR
SPACE SHUTTLE

PROGRAM MANAGEMENT PLAN
APPFNDIX F

(ATS/360 41005010006:6)

SPACE DIVISION
NORTH AMERICAN ROCKWELL

SD 71-101




&
N
N
.
HnemEmoONm P W

&
.
N
.
&

APPFNDIX F

To Space Shuttle Program Manag2ment Plan
System Safety Requirements
Tha Matrix Gives Safety Tasks/Requirements For Program Phases C/D To
Provida For Identification And Elimination Of Hazards Or Implementation Of
Recommended Preventive/Protective Resolutions.
Th> Terms Used and Definitions Which Differ ¥From SPD-1A Are Given
In The Safety Requirements Document Dictionary, Ref. Appendix F-1.
Right Hand Columns Of The Matrix Are Designated As Follows

SYSTEM SAFETY PLAN

FLIGHT VEHICLE

MISSION ESSENTIAL GSE
NON-MISSION ESSENTIAL GSE
LAUNCH FACILITY

RECOVERY SITES

MFG AND TEST FACILITY
MFG OPERATTONS

GROUND TESTS

FLIGHT TESTS
OPERATIONAL FLIGHTS

Lo Xy~IoQmEmoOm»

SYSTEM SAFETY PLAN

SUBMIT PRELIMINARY PLAN WITH PROPOSAL
SUBMIT FINAT. PLAN AS CONTRACTUAL DOCUMENT
DEFINE ORGANTZATIONAL STRUCTURE
DEVELOP/IMPLEMENT MGMT AND CONTROL PROCED
DEFINE PROGRAM REVIEW/PROG REPTG REQMTS
DEFINE SUBCONTRACTORS SYST SAFETY REQMTS
HAZARD ANALYSES (HA)

CONDUCT PRELIMINARY GROSS HA

CONDUCT DETATLED HA

SYSTEM HA

SU3SYSTEM HA

EQUIPMENT HA

ISSUE SAFETY ANALYSIS REPORT (SAR)

(REF ITEMS 5.6 R AND C)

CONDUCT OPERATING HA
INSTALLATION ANALYSIS
MAINTENANCE ANALYSIS
SUPPORT ANALYSIS

TESTING ANALYSIS
OPERATIONS ANALYSIS
EMERGENCY FSCAPE ANALYSIS
EGRESS ANATYSIS

RESCUE ANALYSIS

TRATINING SAFETY ANALYSIS

JSE MSC-00134 AS A GUIDE

AB CD

XX
XX
XX
XX

XX X X

XX

XX
XX
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PERFORM SAFETY ANALYSIS IN SUPPT OF TRADE STDYS X
PROVIDE AND UPDATE A SAFETY CRITERIA DOCUMENT X
ASSURE HAZ RESOLUTION BY FOLLOWING SPD-1A XX
HAZARD REDUCTION PROCEDURE

AB
SAFETY TRAINING AND CERTIFICATION
INCLUDE SAFETY IN TRAINING FOR HAZARDOUS OPS XX
ASSURE RECORD OF CERTIF STATUS IS MAINTAINED XX
FOR CONTRACTOR PERSONNEL
ASSURE THAT PROFICIENCY DEMONSTRATIONS OF TNG XX
FOR HAZARDOUS OPERATIONS ARE CONDUCTED

AB
PROCIDE PROCEDURES TO ASSURE APPLICATION OF
SAFETY RELATED HUMAN ENGRG PRINCIPLES
DESIGN XX
DEVELOPMENT XX
MANUFACTUR ING XX
TEST XX
MAINTENANCE XX
OPERATION XX

AB

PROVIDE SAFFTY INTERFACE WITH OTHER PROGRAM
FUNCTIONS TO ELIMINATE OVERLAP AND CONFLICTS BYD

DELINEATION OF RESPONSIBILITIES XX
DEFINE RELATIONSHIP OF MANAGEMENT STRUCTURE XX
CONDUCT JOINT ANALYSES XX
ESTABLISH REPORTING PROCEDURES XX
TEST AND CORRECTIVE ACTION DATA FEEDBACK XX

USE FMEA AND OTHER ANALYTICAL TECHNIQUES TO XX
IDENTIFY HAZARDS

INCLUDE SAFETY TESTS WITH OTHER TEST PROGRAMS X
INTERCHANGE HAZARD ANALYSIS DATA X
DEFINF WORKING RELATIONSHIP PFTWEEN INDUSTRIAL XX
AND SYST SAFETY TO MEET TOTAL PROGRAM SAFETY

AB
PROVIDE A SYSTEM FOR HAZ ANAL DATA COLLECTION,
ANALYSIS AND CORRECTIVE ACTICN INCLUDING
HAZARD REPORTING XX
HAZARD ANALYSIS XX
CORRECTIVE ACTION FFED BACK METHOD XX

SAFETY DATA SHALL BE USED TO PREVENT REPETITIVE
DESIGN DEFICIENCIES

MSC PROVIDED DESIGN/OPS CRITERIA XX
RECORD OF ACCIDENTS/INCIDENTS X
MSC PROVIDED ALERTS/TECH INFO BULLETINS (TIBS) X
MISHAP INVESTIGATION AND REPORTING INCLUDING
INVESTIGATE SIGNIFICANT MISHAPS PER CONTRACT XX

REQ

PREPARE SAFETY INPUT TO SUMMARY REPORT XX
PROVIDE TECH ASSIST TO SUMMARY BOARD XX
REVIEW SELECTED MFG/TEST/OP PROCEDURES X

> >

0> 2> X XX
O % > M X%
3 >¢ D4 > 26 X X

w6 XX

CDEFG

X X X

SD 71-101

> moxX XX I

o XX

G X O Xx 4
> =

o

K<

=
[ B T
x

HI JKILM

X

X X X X



=

a0E P

onwp

ASSURE THAT SAFETY OF GFE IS CONSISTANT WITH X XX XX X X X
OVERALL SYSTEM SAFETY REQUIREMENT

AB CDEFGHIJKLM
SYST SAFETY IMPLEMENTATION ASSURANCE

UTILIZE A SAFETY CKRITERIA CHECKLIST X
PROVIDE A HAZARD TRACKING SYSTEM X
SAFETY TEST ASSURANCE

ASSURE CONDUCT OF APPLIC MARGIN OF SAFETY XX
TESTS

ASSURE CONDUCT OF APPLIC INDUCED FAILURE TESTS XX
SAFETY PARTICIPATF IN REVIEW OF TEST PLANS X

SAFETY PARTICIPATE IN SELECTING ITEMS TO TEST X
SAFETY OBSERVE HAZ & DANGEROUS OPERATIONS

SPOT CHECK XX X X X XX
FULL TIME MONITORING OF SELECTED OPERATIONS XX X X X X X
CONDUCT SAFETY AUDITS

CONTRACTOR SAFETY AUDIT OWN SAFETY PROGRAM XX

CONTRACTOR SAFETY AULIT SURCCNTRACTOR SAF XX

PROGRAM

CONTRACTOR SUPPORT MSC SAFETY AUDIT OF XX

CONTRACTOR'S SAFETY PROGRAM
AB CDEFGHTIJKTLM

PERFORM ANALYSES OF PROPOSED SAFETY SIGN- XX
IFICANT CHANGES IN DESIGNS, PROCEDURES AND
OPERATIONS

ASSURE RESOLUTION OF HAZARDS IDENTIFD WITH XX
CHANGES

PROVIDE IDENTIFIED CHANGE HAZARDS TO THE CCB XX
PARTICIPATE IN POST FLIGHT REVIEWS AND CONDUCT
SAFETY EVALUATION CF ANOMALIES

PROCEDURES AND PROTECTIVE EQUIPMENT XX X

WARNING DIVICES AND EMERGENCY EQUIPMENT XX X

CRITICAL FLIGHT EQUIPMENT OR SUBSYSTEMS X

UNPREDICTED EVENTS XX X

ASSESS EFFECTS OF HUMAN CAPABILITIES AND XX X

CONSTRAINTS ON CREW SAFETY FCR ANOMALOUS

CONDITIONS

PROVIDE FOR PERTINENT INPUTS TO SAFETY DATA XX

FILE

ASSURE THAT ACTION IS TAKEN TO RESOLVE X

IDENTIFIED SAFETY CRITICAL ANOMALIES

PARTICIPATE IN MSC SAFETY PROGRESS MEETINGS X

SURMIT THE FOLLOWING DATA IN ACCORDANCE WITH DRL
DOCUMENT PARA TYPE COC

SYSTEM SAFETY PLAN 4.1 APPROVAL XX

HAZARD ANALYSIS REPORTS 4.2.1 REVIEW XX

PROGRAM MIIESTCNE REPORT 4.1.3 (BRIEF CHTS) X

NOTIFICATTON,ACCIDENT/ 4.10 REVIEW XX

INCIDT
AB CDEFGHTIJKLM
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DICTIONARY, SAFETY REQUIREMENTS DOCUMENT
(APPENDIX F TO SPACE SHUTTLE PROGRAM MANAGEMENT PLAN)

This dictionary contains descriptions of tasks which differ from or are not
included in safety Prograr Directive No. 1 - Revision A.

The following terms used in this document are defined:

a.

b.

safety - Freedom from chance of injury or loss to personnel, equipment
or property.

System _Safety - The reduction of the level of risk by management within
the constraints of operational effectiveness, time, and cost attained
through the application of management and engineering principles throughout

all phases of a program from design concept through test and operations
and through post flight analysis.

Accident Prevention - Methods and procedures used to eliminate the causes
which lead, or could lead, to an accident.

Hazard - The presence of a potential risk situation caused by an unsafe
act or condition, such that environment or natural phenomenon, personnel
error, design characteristics, limited time for corrective action, precedure

deficiencies, or subsystem malfunction which will cause system or personnel
loss.

Risk - The chance (gqualitative) of injury to personnel or less of equipment,
Or property.

Hazard Analysis - The determination of potential sources of danger and
recommended resolutions in a timely manner for those conditions found in
either the hardwaressoftware systems, the man-machine relationship, or
both, which could cause an undesired event such as loss of crew or loss

of the system. The process of identification of hazards is not limited

to any one technique; supporting data for the hazard analyses may be derived
from parametric studies, logic and flow diagram analyses, including fault
tree analyses, ground and flight testing, failure mode and effects analyses,
engineering analyses, simulations, malfunction and emergency procedures
analyses, either individually or in combination. (Note: Identified failure
modes, irrespective of subsystem or component redundancy, must be explained
and tracked if judged to be a critical or catastrophic hazard).

Personnel Loss ~ Loss function and inability to perform nominal and/or
emergency operations.
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Fail Operational - The capability of a system, subsystem or component to
fail without adversely affecting mission completion.

dangerous to equipment or personnel and of a functional back-up mode for
personnel survival.

Hazard Levels

1. Catastrophic - Potential system loss or personnel function loss.
Tire and means are not available for corrective action.

2. Critical -~ Potential system loss or personnel function loss
counteracted by urgent automatic/manual action, Time
is a significant factor for corrective action.

3. Controlled - Potential system loss or personnel function loss
counteracted and:

(a) Eliminated by appropriate design.
(b) Controlled by safety devices, including escape
and rescue capability; alarms/caution and warning;

automatic/manual action; procedures. Time is
not a significant factor for corrective action.
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The below listed items refer to specific paragraphs of Appendix F that
differ from the criteria defined in SPD 1-A.

4,1 Tthe Preliminary System sSafety Plan defines the contractor's total safety

pbrogram and is submitted with the proposal.

After contract negotiations,

the plan will be updated and resubmitted to NASA for incorporation into
the contract.

4.9.

B C

The contractor will define the subcontractor's system safety
general requirements. Subsystems or test which the contractor

. considers safety critical will be identified and additional

safety requirements imposed.

The contractor will use MSC-00134, Space Flight Hazards Catalog,

as a quide to reduction of hazards in equipment, procedures and
facilities.

The contractor will include safety in trade studies by utilization
of safety and safe design and operations criteria and by
conducting hazard analyses in safety critical areas.

The contractor's system safety organization will prepare and
update safety criteria.

Safety test requirements shall be considered (and included where
appropriate) in tests conducted to satisfy Engineering, Quality,
Reliability, or other contract requirements.

Hazard analyses, including descriptions of hazards and recommended
or actual means of resolution, will be provided by the contractor
to other contractor functions and to subcontractors as required

to obtain maximum benefit and minimum duplication of safety
analysis effort.

The contractor's System and Industrial Safety functions will
review safety data supplied by NASA such as accident/incident
records, alerts, criteria and standards and technical information
bulletins (TIB'sS). Those applicable to Space Shuttle safety

will be appropriately distributed to contractor or subcontractor
functions for consideration.

The contractor's System functions will review manufacturing,

test and operations procedures which have potential safety impact.
Those which are considered safety critical will be so identified
and appropriate safety requirements added.

The contractort's safety organization will obtain from NASA all

applicable documents available concerning GFE to aid in assessing
the safety of the article for Space Shuttle use.
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5.0 A

5.1 B,C

5.5 G

END OF DOCUMENT

The contractor shall incorporate a system of tracking and
identifying hazards to equiprent and operations.

The contractor's system safety program will provide for a safety
review of test plans and lists of equipment to be tested to
assure that equipment tests include safety requirements and that
safety critical equiprment is scheduled for test.

The contractor's safety program shall provide for participation
in post flight reviews and evaluation of anomalies occuring in

. critical flight equiprent or subsystems.

The contractor?s safety program will provide a means to assure
that action is taken to resolve anomalous conditions affecting
equipment or personnel safety.

The contractor's system safety program will include for system
safety participation in NASA progress meetings to review anomalous
conditions and the remedial action taken.

(ATS/360 41005010006:6)
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APPENDIX G )

DEVELOPMENT APPROACH

Cost effectiveness was a prime consideration in formulating the
criteria for management systems and related management activities. Each
requirement was considered in the light of current and recent experience to
ensure that it calls for the fulfullment of a real management need and to
ensure that it is economically achievable. Presented here are examples of
results of this type of study process.

PROGRAM PLANS

Program plans will be required to provide an organized approach for
implementation of basic program functions such as engineering, quality
assurance, reliability, test, and system safety. Review of Apollo and
related programs indicated that preparation and maintenance of plans
consumed a significant number of man-hours. In large part this was because
it was necessary to update the plans to reflect current internal documen-
tation and procedures that govern the every day implementation of program
functions. As a result of this analysis, the primary criteria for program
plans requirements selected for the Space Shuttle Program are:

I. The number of program plans prepared shall be the minimum
required for planning of the Space Shuttle Program.

2. Program plans shall be prepared as top-level planning documents.

3. Contractor's internal procedures shall be used to implement the
program, and changes to these procedures will not be regulated
by the contract.

4. Changes to program plans shall be made only when there is a
need to change essential methods of the contractor.

5. The requirements and processes defined in the Phase B program
plans shall be the baseline for development of Phase C and D
program plans and contractor internal documentation.
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COST/SCHEDULE PLANNING AND CONTROL SYSTEMS

Cost/schedule planning and control requirements were selected after
a thorough cost effectiveness analysis by the Phase B contractors. Require-
ments were developed from two approaches: (1) starting from the successful
Apollo and Atlas programs of the 1960's and introducing practical modifi-
cations and (2) starting from concepts in NASA Coordination Draft,
NHB 9501. 2, Procedures for Reporting Correlated Cost and Performance
Information from Contractors, dated July 20, 1970; Cost/Schedule Control
Systems Criteria, AMCP 37-5, NAVMAT P5240, AFSCP 173-3, Joint
Implementation Procedures, dated August 26, 1970; and Draft DOD 7000. 2
Handbook, Guide for Performance Measurement Requirements of the Cost/
Schedule Control Systems Criteria, dated August 1970, and tailoring these to
cost/schedule planning and control criteria for the shuttle program. The
requirements in this plan represent a consolidation of the best features of the
two approaches.

PLANNING LEVELS

Establishment of funds available for major space programs on a
government-fiscal-year basis introduces the advisability of recognizing the
need to realign program planning to accommodate any consequent rephasing
of planned expenditures. Detail planning should therefore be firmed up for
a period encompassing the current fiscal year. For continuity, and to as sist
in defining the following fiscal year requirements, detail planning should be
extended beyond the current fiscal year as the end of that year is approached.
Planning for subsequent periods should be maintained only at the highest
WBS level (i.e., the program level), thereby reducing the quantity of
detailed replanning to a minimum.

ADVANCE PROBLEM WARNING

Previous management systems have provided functional managers with
data on task or milestone completions versus schedule and actual expendi-
tures versus plan. This indicated program status or the existence of prob-
lems. Establishment of WBS element task managers monitoring performance
of costs and schedules against products provides an additional effective
means for measuring work against products. Proper data analysis by these
WBS element task managers will provide early indications of developing
problems and hence facilitate formulation and application of preventive
actions before larger cost and schedule impacts accrue.

G-2
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For further anticipation of problems, one of the program requirements
calls for formalizing the planning and tracking of hardware performance
achievement during space shuttle design and development. Performance
assessment has always been conducted within the engineering department, but
with varying degrees of formalization,

Formalizing the tracking of performance achievement to include the
scheduling of performance assessment points, the planning of expected values
at those points, and reporting of actual assessment results to program
management provides greater assurance that potential technical problems
will be identified early enough to avoid serious delays or costly impacts to
the program.

Implementation of this simplified technical performance management
concept will add minimal cost to the system engineering effort.

DATA MANAGEMENT

Establishing data management requirements for the Space Shuttle Pro-
gram involved conducting analyses to achieve the following results:

1. Determine the minimum data required to meet program manage-
ment and technical requirements.

2. Provide the contractor sufficient latitude in the selection of data
to allow full use of internal documentation and established
processes and systems.

3. Ensure that only essential data are prepared as contract data and
that maximum use is made of contractor internal data to satisfy
contract data requirements.

Analysis of historical data systems and processes revealed expensive
redundancy in the preparation and reformatting of data for individual func-
tion and organizational purposes. To reduce this redundancy and to meet
the above objectives, the following requirements were selected for application

on the Space Shuttle Program:

1. The contractor shall identify for the NASA specific data require-
ments for the program.
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2. It was determined that the system by which the contractor plans,
manages, and produces contractually deliverable data shall be
similar to that by which hardware is planned, managed, and
produced.

3. Contract data shall, to the maximum extent, be the same data
in the same form and format as that which the contractor generates
to satisfy his own internal requirements.

CONFIGURATION MANAGEMENT

The approach to configuration management was to pattern requirements
after principles demonstrated and proved on other programs. Cost effec-
tiveness, in addition to the tailoring process, was emphasized in establishing
the complete approach. For example, the approach taken on configuration
accounting was to provide concise exception data through an integrated system
that identifies differences between design requirements and the as-built
configuration. The system will continually report the constraining require-
ments (design changes or shortages) pending to complete an authorized
configuration item. Users, by this approach, will be provided the data
needed as continuous exception reports. Complete status, such as configura-
tion item baseline of part numbers, will be furnished to support program
milestones (PDR, CDR, etc.). On past programs, in comparison, the
approach has been to provide configuration accounting through a series of
systems, each limited to a particular operations or hardware element such
as production, test, operations, vehicle, etc.

The approach taken for the Space Shuttle Program provides a unified
system that combines the requirements of internal functional organizations
through a single program data bank.

QUALITY ASSURANCE MANAGEMENT

The approach taken to establish quality assurance requirements
involved analysis of NHB 5300.4 B requirements and their applicability to
the Space Shuttle Program from the viewpoint of meeting program require-
ments at reduced costs. Emphasis was placed on those quality assurance
functions that were identified as potential major cost areas. For example,
establishment of an integrated quality information system was identified as
a requirement for the Space Shuttle Program. The major criteria for such
a system to be used on the Space Shuttle Program are:

1. Cut off quality information at the highest practical level (subsystem
level where applicable).
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2. Minimize repetitious quality assurance inputs.

| 3. Reduce the number and size of product reports and use exception
reports.
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